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IF YOU'RE | 
THINKING OF 

BUYING | 

. TURN THE PAGE. 

- YOU'RE ABOUT TO 

HAVE A SERIOUS 

“by S CHANGE OF 


THE ADVANCED FULL-SIZE 


You figure if life were fair wed 
all be good-lookin’ and smart. 
And all trucks would be equal. 
But you know it doesn't work 
out that way. One trucks gotta 
be better than the other. And 
that's the one you want. The one 
you need to get the job done. 

Check out how the techno- 
logically advanced Chevy? beats 
Ford feature for feature. And 
you'll see why Americas having 
a serious change of heart in full- 
size pickups. 

Standard 4.3L Vortec V6 
overpowers Ford. 

The fuel-injected Vortec 
is built on advanced principles 
that make it a lean-burning, 
high-compression V6 with I5 


more standard horsepower in the | 


half-ton than Ford's old- 
cere in-line s SX. ; mies 


For heavier dy hauling her 


are fuel-injected 305 and 350 
V8s and, in one-ton trucks, the 
mighty 454 V8. And unlike 
Ford, Chevy offers big 6.2L diesel 
power in all models. 

Chevy hauls more than Ford. 
And gives you more ways 

to haul. 

Chevy's got a bigger standard 
half-ton payload than Ford. Plus 
Chevy's rigid steel frame is big- 
ger and heavier than Ford's in the 
half-ton truck. And that 


MORE STANDARD 
HALF-TON POWER 
AND PAYLOAD, 
MORE CAB ROOM, 
MORE TWO-SIDED 
GALVANIZED STEEL 
THAN FORD'S 

OLD-FASHIONED _ 
PICKUP. .. 


TAL. maintain quen integrity 
In addition, Chevy has two-tier 
loading Ford doesn't offer. The 
tailgate is easily removable too, 
for extra long, bulky loads. 
More room, more glass area. 

, Some day all trucks will be 
this comfortable. 

There's more leg room, more 
shoulder room and more total 
cab room than Ford. And there 
are other major comforts Chevy 
has that Ford lacks. Like more 
glass area and the flush-mounted 
windows that help red uce 
wind noise. ! 
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Chevy has more two-sided 
galvanized steel than Ford. 
Every outside panel except 


the roof is two-sided galvanized | 


steel. More than Ford. In some 
critical areas, there are as many 
as seven layers of corrosion 
protection. Including a high- 
gloss clear-coat finish that Ford 
doesn't offer. 

Advanced double A-arm 


independent front suspension. 


Ford's old twin |-beam front 


z-« 4|. suspension makes the tires travel - 


in an arc. Chevy's advanced 
double A-arm suspension keeps 
the tires square to the road. 
Chevy also offers an indepen- 
dent front suspension specially 


7 designed for 4WD. 


New option values. 

Now's a great time to take 
advantage of the Preferred 
Equipment Groups that save you 
up to $1,800* 

See your Chevy dealer today. 
From advanced Vortec V6 power 
to standard anti-lock rear brake 
system (operates in 2WD only), 
Chevy's the first all-new full-size 
pickup introduced in this 
decade. Test drive it. Get ready 
to have a real change of heart. 


“Based on Manufacturers Suggested Retail Prices for 

option packages versus options purchased separately: 
Comparisons based on data available at time of 
publishing. 


©1988 General Motors Corporation. All Rights Reserved. 
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A MEMO FROM THE PUBLISHER 


Dear Advertiser: 


Top-line figures from the recently released 1988 SMRB report 
are in, and they offer some telling findings on the readership of 
POPULAR SCIENCE and the other magazines in its field. 


POPULAR SCIENCE, with a total readership of 4.3 million, 
| remains the quality magazine in the field. For example: 


POPULAR Popular Home 
SCIENCE Mechanics Mechanix 


Household Income, $60,000 + 165 133 101* 
Individual Employment Income, $40,000 + 216 186 125* 
College-educated 135 116 100 
Professional/Technical 162 116 94 


Source: 1988 SMRB— Total Adults 
*Projection relatively unstable, use with caution. 


As the fourth largest men's magazine in the nation, POPULAR 
SCIENCE continues to be the one magazine men rely on to learn 

first about exciting new products for their homes, their personal 
transportation, recreation and leisure time. 


This issue is a prime example. It’s our annual Consumer 

Electronics issue with a comprehensive, self-contained section 
featuring news about dozens of ingenious new audio, video and 
computer products. 


"First-to-cover" editorial. Quality demographics. Circulation 
leadership. An inquisitive, acquisitive audience—qualified 
prospects for your products or services. Quality endures! 


, Cordially, 


Un Bcf 
Grant A. Burnett 
Publisher 
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entertainment 
Let the sights and sounds of the 
newest electronic gear for 1989 en- 
tertain you. This special section 
includes an expanded edition of 
"What's New Electronics." 37 


Econocars 


Japanese economy cars aren't as 
cheap as they used to be—but 
they're not as basic either. We test 
the Geo Metro, Honda Civic, Mit- 
subishi Mirage, and Toyota Corol- 
la—cars that have evolved from 


mere econoboxes. Page 89 
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Founded in 1872 / Vol. 233, No. 5 


Ý Spy plane 
revealed! 


Officially, the Aurora spy plane, 
which flies at Mach 5—3,800 
mph — does not exist. POPULAR Sci- 
ENCE uncovers this latest addition 
to the Air Force's fleet of radar- 
foiling stealth aircraft. Page 70 


Center of 
the Earth 


Geophysicists are using new tech- 
niques to analyze the world below. 
They've found “rainstorms” of iron 
filings and have discovered that 
Earth's core is probably hotter 
than the sun's surface. 76 


What's New Digest...104-112 
Science and Technology 


Space and Aviation 
Revealed! Mach 5 spy 
Computers 
and Electronics 
SPECIAL SECTION | 


Cars and Driving 


Automotive newsfront..................... ee .30 
Car test: the econocar redefined ............89 
Home, Shop, and Yard 
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SEEHOW 
CLOSE IT LOOKS. 
THAT'S HOW 
COMFORTABLE 
IT FEELS. 


Now theres no reason to 
^ompromise. Because with 
^orelcos patented "Lift and 
Cut” shaving system, close 
and comfortable are in the 
oalm of vour hand. 

Think of it: This unique 
flual-action system—with 
— lits 45 lifters 
and 45 self- 
sharpening 
blades—makes 
| the impossible 
| possible, lifting 
each hair a 
split second 
| before a blade 
mu cuts it. For a 
[shave unlike any other. 
Skin-close yet incredibly 
omfortable: You get it with 
every Norelco shave. 

State-of-the-art features 
Ihat smooth the wav: You 
vet them with your Norelco 
shaver. 


WE MADE CLOSE 


——— — 0 — SE 


COMFORTABLE. 


Norelco’ 


E. 


© 1988 Norelco Consumer Products Company 
a division of North American Philips Corporation, High Ridge Park, CT 06904. 


Space travel 


Your September article "Missile Kill- 
ers" leaves out a few facts about the 
practicality of such a system. The 
Lawrence Livermore National Labo- 


ratory estimated that about 100,000 | 
interceptors would be required to com- | 


bat 14,000 Soviet warheads. If the 
space shuttle could transport two plat- 
forms (each carrying up to 20 inter- 
ceptors) on a mission, and could run 
three missions a year, it would take 
833 years to launch those 100,000 
interceptors! 

Also, the article barely mentioned 
| the measures available to defeat this 
| system. How about ground-based la- 
| sers, space mines, and decoys? Or why 


not destroy the heart of the system | 
—the tracking satellite—which would | 


be parked in a predictable orbit like 
a sitting duck? What about cruise mis- 
siles and submarine-launched missiles 
that never leave Earth’s atmosphere 


and therefore would be immune to this | 


system? 
David Lane, Ashland, Ore. 


Plastic pollution 


| Bravo for your "Tomorrow's House" ar- 
ticles in the August issue! However, 
Al Lees's enthusiasm for General Elec- 


tric's plastic house ignores a big prob- | 
lem. Plastics are clogging the world’s | 


dumps and killing wildlife. Therefore 

cities are passing laws to restrict the 

use of plastic cups and wrappers. The 

technological bottom line is simple: We 
need biodegradable plastics! 

André Bacard, director 

Affirmist Institute, Stanford, Calif. 


| Plastic houses! Smart houses! One 
hundred dollars per square foot win- 
| dows! How about a cheap house? 

K. Lohalt, address withheld 


Presidential power 


Your “Smart House,” which avoids 
centralized control, suggests that it’s 
run by an electronic committee. But 
even a committee has a chairperson. 
I prefer the idea of a president, a cab- 
inet, and assistants—many sensors 
and transducers, and support circuits 
throughout the house—but definitely 


Address letters for this column to: Readers Talk Back, POPULAR 
Science, 380 Madison Ave., New York, N.Y. 10017. We are 
unable to acknowledge unpublished letters. 
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Readers Talk Back 


with a central computer to make it 
an integrated system. 

Will each outlet have a micropro- 
cessor and power switching to handle 
the biggest loads? Sounds expensive. 


Name and address withheld | 


Retirement home 


I’m an American “gray” who has built 


| two retirement houses, so I was in- 


terested in your August story "Liv- 
ing Big in a Little House." I keep 
shaking my head at what architects 
come up with. Here are a few of the 
blunders: 

€ The living room furniture faces 
away from the beautiful view. 

€ The three steps to the bedroom 
and bath won't be too handy when a 
wheelchair is the means of propulsion. 

e The ladder to the rooftop deck 
looks as if it's made for a circus acro- 
bat, not a senior citizen. And the deck 
has no shade and no protection from 
cold winds—just raw nature and a 
view. 

When my wife and I built our first 


retirement home, we found ourselves : 
running into the walls. The bedroom | 
didnt have room for a second chest, | 


so one of us had to dress in the spare 
bedroom. There wasn't room to spread 
out a dining table. 

We learned from our experiences. 


| Our second retirement home has a hip 


roof, so we can repaint it with just a 
kitchen ladder. A wheelchair can move 
easily from the garage to the house, 
and all the doors are wide enough for 
it to pass. The spare bedrooms are 
downstairs. On the main floor, we have 
kitchen, dining, and living in one big 
area. The other side of the house holds 
a bedroom, bathroom, and laundry. No 
cute steps. 

W. M. Buescher 


Grass Roots Communications - 


Pigeon Forge, Tenn. 


| Couch on wheels 


The Kidult seat you featured in the 
August "What's New" section is the 
creation of Gary Yeager, who works 
in the Honda of America Manufactur- 
ing auto plant here. He was inspired 
by his own young children and the 
inconvenience of mounting and dis- 
mounting child seats in the rear seat 

of his Honda Accord. 
Gary was one of five finalists at 
Continued 
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Readers Talk Back c» Cibi 


Honda of America whose ideas were 
brought to a working prototype stage 
for the Honda World Idea Contest. The 


other ideas included a hydrabike (a | 


motorcycle modified to cross water), a 
two-way sled (with a motor designed 
to power the rider uphill after an ex- 
citing downhill ride), and a Honda- 


engined lounge chair (for the con- | 


firmed couch potato). 


Roger Lambert, manager | 


Corporate Communications 
Honda of America Manufacturing 
Marysville, Ohio 


Double standards 


| In the J uly “What’s News" column, 
| you parrot the metric line: "Only Bur- 
| ma and the United States still use En- | 


glish measure." Not so. 
You can find English measure wher- 


| ever you travel. It's used for screw 
| threads, tennis courts, and tire diam- 


eters, for example. And several “met- 
ric" units are approximations of well- 
known English units, such as metric 
horsepower, metric ton, and others. 

There is virtually no *dual inven- 
tory" of military parts, only dual no- 
menclature. But it's easy to see why 
the Pentagon would rather not use 
two systems, stocking 12.7-millime- 
ter wrenches and 30.48-by-50.8-centi- 
meter truck tires. 

Most groups have their agreed stan- 
dards, metric or English, and they op- 
erate smoothly. None exchange milk 
cartons for oil drums, or golf yardages 
for cosmic distances. There is no press- 
ing reason for units in different in- 
dustries to be identical. 

Coexistence is the real world. 

Blanton C. Wiggin, M.E., P.E. 
Chairman, Advanced Instruments 
Needham Heights, Mass. 


| Stealth update 


The information on the B-2 stealth 
bomber's power plants as reported in 


| the September issue is incorrect. New- 


ly published accounts indicate that the 
Northrop B-2 is powered by four Gen- 


| eral Electric F118 turbofan engines, 


which are rated at from 27,000 to 


| 29,000 pounds of thrust. The F18 en- 


gine is an upgraded derivative of the 
GE F110 turbofan, which drives the 
General Dynamics F-16 C/D fighters. 

Rollin Reineck, Kailua, Hawaii 


Recent reports also say that the B-2 
has a wingspan of 172 feet, which 
would make it some 35 feet longer than 
earlier estimates. This information is 


| consistent with the use of the larger 


engines. 
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Learn to troubleshoot and service today E 


computer systems as you build . 
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comp ete with 512K RAM ang 
— 20 meg hard drive į 
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sd that lets you visually examine computer circuits « The new Packard Bell VX88 computer wi 
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programs * Packard Bell ref 

manuals with programming oreo and 

» schematics. 
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Train the NRI Way— peripheral—now included in your course to 
and Earn Good Money Servicing pnp ie increase the data storage 
Any Brand of Computer eren of your computer while giving you 


oes um data access. Plus you work 
wath exclusive word processing, database, 
and spreadsheet software, yours to use for 
your own professional and personal 
applications. 

As you build your computer, 
performing key demonstrations and 
experiments at each stage of assembly, you 
get the confidence-building, real-world 
experience you need to work with, 
troubleshoot, and service today’s most 
widely used computer systems. 


No Experience Needed, NRI Builds It In 


This is the kind of practical, hands-on 
experience that makes you uniquely 
prepared to take advantage of today’s 
opportunities in computer service. You learn 
at your own convenience in your own home. 


Jobs for computer service technicians will 
almost double in the next 10 years according 
to Department of Labor statistics, making 
orup service one of the top 10 growth 
s in the nation. 
Now you can cash in on this exciting 
opportunity—either as a full-time industry 
cian or in a computer service business 
of your own—once you've mastered 
electronics and computers the NRI way. 
NRI's practical combination of 
“reason-why” theory and hands-on building 
skills starts you with the fundamentals of 
electronics, then guides you through more 
sophisticated circuitry all the way up to the 
latest advances in computer technology. 
You even learn to program in BASIC and 
machine language, the essential language 
for troubleshooting and repair. 


Get Real-World Skills as You Train 
With a Powerful XT-Compatible 
Micro—Now With 20 Meg Hard Drive! 


To give you hands-on training with the 
absolute in state-of-the-art computer 
technology, NRI includes the powerful new 
Fn Bell VX88 computer as the 
cenar of your training. As you 
le this fully IBM XT-compatible 
nitro from the keyboard up, you actually 
see for yourself how every section of your 
computer works. 
You assemble and test yar ir CORREMEES 
"intelligent" keyboard, install the power 
supply and 54" disk drive, then interface the 
high-resolution monitor. But that's not all. 
Your hands-on training continues as | 
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Education Center, 3939 Wisconsin Avenue, 
Washington, DC 20016. 
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Science Newsfront 


By ARTHUR FISHER im» 


Biggest eggbeater 


à That's a Texas-size VAWT in the 
\ photo below. That stands for Ver- 
^ tical Axis Wind Tur- 
bine, pardner, and 
it stands tall— 
164 feet above 
the flatlands of 
the Texas Pan- 
handle. It’s the first in 
in a long series of egg- 
beater designs to be 


the generation of elec- 
tricity from the wind on a 
| really large scale—500 ki- 
lowatts and up—and the third 
-òà to be tested at the Agricultural 
» Research Service's Conserva- 

tion and Production Research Lab- 
| oratory near Bushland, Texas. It was 
designed and erected by Sandia Nat- 
ional Laboratories for the Depart- 
ment of Energy. 


built for investigating | 


Benzene is a ringer 


It came to German chemist August 
Kekulé in a dream one night in 1865, 
the answer to a longstanding and im- 
portant puzzle in organic chemistry. 
| How could the six carbon atoms and 
| six hydrogen atoms known since 1825 
to make up the benzene molecule ac- 
| tually be arranged? Conventional the- 


ories of the time offered no possible | 


shape. 

Then Kekulé, who had long wres- 
tled with the problem structure, had 
his dream. In it, the benzene mole- 


cule appeared as a snake looped back - 


on itself to bite its own tail. The ap- 
parition prompted him to suggest that 
unlike many other organic molecules 
that are composed of atoms strung to- 
gether in a row, benzene’s atoms form 
a ring. That speculation has since 
been amply confirmed in a number of 
ways, but the actual rings have never 
before been seen. 

Now, in a triumph of the microsco- 
pist’s art, the ringlike structure of the 
benzene molecule has been made vis- 
ible. Scientists at IBM’s Almaden Re- 
search Center in San Jose, Calif., used 
a scanning tunneling microscope to 
make the picture seen above, which 
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| been previously studied by 
| chemists at the University of 


| An IBM STM photo confirms the ringlike structure of the benzene molecule. 


| by an infusion of carbon mon- 
| oxide. This rhodium-benzene- 


| and Hiroko Ohtani of IBM 
| Japan, Ltd. 


| the above picture! 


shows serried ranks of benzene mole- 
cules looking like tiny doughnuts. The 
scanning tunneling microscope was in- 
vented by IBM scientists Gerd Binnig 
and Heinrich Rohrer. The 
team consisted of Robert J. 
Wilson, Shirley Chiang, and 
C. Mathew Mate of Almaden, 


Because organic molecules 
are mobile and electrically 
insulating, they have been 
difficult to image in the 
past. The IBM researchers 
used a special technique in 
which the benzene molecules 
bonded to a rhodium metal 
surface in a vacuum chamber 
and were further immobilized 


carbon monoxide system had 


California, Berkeley. 
If only Kekulé could see 


World’s largest vertical-axis 
wind turbine looms over the 
Texas Panhandle flatlands. 


Sushi in orbit 


When Japanese astronauts (nippo- 
nauts?) venture into space to work on 
the space station the United States 
plans to have in orbit in the 1990s, 


Continued 


FREE 1000 MILE ROAD TEST 


“IF THESE TREDLOC' RADIALS AREN'T THE BEST PERFORMANCE TIRES 
YOU'VE EVER PUT ON YOUR CAR, WE'LL BUY THEM BACK.” 


Its a strong promise to be sure. Heres why we can 
make it. These are the finest performance radial tires 
Sears has ever offered. They are the next generation in 
tire innovation, backed by a reputation for tire leader- 
ship established when our sales of steel-belted radials 


made them the standard for America. 


STRONGER THAN STEEL AND 
INFINITELY MORE FLEXIBLE. 


The RoadHandler® Tredloc^ radial employs a unique, 
revolutionary technology in tire construction: a belt 
woven of one continuous interlocking band of Du Pont 
Kevlar" aramid. It’s five times stronger than steel of the 
same weight. 

Asaresult, Tredloc gives you extraordinary han- 
dling and responsiveness without compromising com- 
fort. You'll notice it when cornering, accelerating, and 


bu [ fines Gene J. Stroner, 


Vice President, Sears Automotive 
braking. Its flexibility lets a full contact patch grip the 
road firmly and evenly under all weather conditions. On 
meee — wet or dry roads, evenin snow. 


SPEED-CERTIFIED TO 
130 M.P.H. 


The 130 miles per hour 
speed rating of the Tredloc "H" 
series tells you a lot about this 
tire. But it doesn't tell you every- 
thing. When tested for high and low speed uniformity, 
noise, and high speed 
endurance against 6 other "H" 
rated tires (from some of the 
biggest names in performance 
tires) Tredloc placed #1 on 
overall performance. There's 
also warranty coverage that isnt matched by any other 
tire we know ofin its class. It includes a 40,000 mile 
limited tread wear-out warranty. And 40,000 miles of 
road hazard coverage.” Both at no extra charge. 


NATIONAL SAFETY COUNCIL AWARD. 

Obviously, this is no ordinary performance tire. 
Tredlocis the first tire design ever to earn an 

Award for Achievement in Product Safety from 
the National Safety Council. 

No wonder were so proud of this tire. It 
assures you of performance that is both 
extremely responsive and extremely reliable. 
Its one more way Sears installs confidence. 


The unique Tredloc belt, 
designed for performance. 


Tested at speeds | | 
up to 118.1 mph. 


Tested at speeds . 
up to 130.0 mph. 


Speed certification. 


FREE 1,000 MILE ROAD TEST _ 


We are so confident about the 
|| performance of RoadHandler Tredloc 
| radials, well make you this offer 
Put a set on your car and drive them 


for up to 1,000 miles. 

If by then you dont agree that they 
are the best overall performance tires 
available, Sears will buy them back for 
exactly the price you paid. No questions. 


Take us up on this offer. How often is 
it that a performance tire lets you test its 
promises on the road? | 
RoadHandler Tredloc radials. 


z^ GEARS 


* Ask your salesperson for more information on these coverages arid size availability. 
€ Sears, Roebuck and Co. 1988 


: * 4.0 Litre Power-Tech Six, the most * Pioneer Trim Package, 
Comanche Option Group powerful engine in its class silver styled steel wheels, 
T D * Manual 5-Speed Overdrive Transmission and P215/75R15 outline 
Discount 2WD ALN * Intermittent Wipers white letter tires 


: * 4.0 Litre Power-Tech Six + Intermittent Wipers 
Comanche Option Group * Manual 5-Speed Overdrive Transmission * Dual Remote Mirrors 
| * Pioneer Trim Package, silver styled * Gauge Group 


Discount 4WD ALN steel wheels, and P215/75R15 outline 


white letter tires 


Comanche Option Group - Pioneer Trim Package including « Intermittent Wipers 


silver styled steel wheels and P205 black * Dual Mirrors 


Discount 2WD ALM sidewall tires 


: i * Pioneer Trim Package including : 
Comanche Option Group silver ins steel wheels and P205 black Intermittent Wipers 
e sidewall tires » 
Discount 4WD ALM * Dual Mirrors 


With savings like these, you don't have to 
buy an ordinary pickup. You can drivean 


American Legend. Jeep Comanche. 
For more information, call 1-800-JEEP-EAGLE. 


* Protects 1989 models engine and powertrain for 7 years or 70,000 miles and against outerbody rust-through 
for 7 vears or 100,000 miles. See limited warranty at dealer. Deductibles and restrictions apply 


* *Savings based on sticker price of option group compared with options 
purchased separately. Jeep 1s a registered trademark of 
Jeep Eagle Corporation. Buckle up for safety. | == 
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they will be supping on sushi. Loath 
to leave this favorite delicacy behind, 
the planners of the Japanese module 
for the space station have enlisted 
Kawasaki Heavy Industries to coor- 
dinate a trio of food companies in the 
tricky business of developing space 
sushi that will fly. The style of weight- 
less cooking they will have to develop 
will doubtless be called orbitayaki. 


The eyes have it 


This man (right) is not a butterfly 
tamer. He is Barrie Jones, director of 
a center that breeds a greater variety 
of tropical butterfly species than any 
other in Britain as part of a program 
to preserve lepidopteras throughout 
the world. He is shown basking in the 
admiration of rare and spectacular 
Caligo butterflies from the West In- 
dies. Also known as Owl butterflies, 
they have wingspans of eight or nine 
inches and, you may have noticed, 
prominent “eye” spots. 

Jones's center, The World of Butter- 
flies, is in the Wye Valley in Ross-on- 
Wye in western England. 


Far-out galaxy 


A find of great importance to cosmol- 
ogists was announced last August in 
Baltimore at the General Assembly of 
the International Astronomical Union: 
A team of astronomers has discovered 
the most distant galaxy yet detected, 
placing its origin at only a few bil- 
lion years after the formation of the 
universe in the Big Bang. The galaxy, 
4C 41.17, was found in a search con- 
ducted by Ken Chambers at the Johns 
Hopkins University; George Miley, 
professor of astronomy at Leiden 
University in the Netherlands, and 
now stationed at the Space Telescope 
Institute by the European Space 
Agency; and Wil van Breugel, an as- 
tronomer at the University of Califor- 
nia, Berkeley. 

The team first used the Very Large 
Array radio telescope network in New 
Mexico to search for emitters of un- 
usually powerful radio waves. When 
one with a peculiar spectrum was spot- 
ted, the astronomers made optical ob- 
servations of the source, using the 
facilities of Kitt Peak National Ob- 
servatory, and found a faint and fuzzy 
object that was clearly a galaxy. An 
optical spectrum revealed that the hy- 
drogen and carbon emission lines of 
the spectrum had been red-shifted by 
a factor of 3.8, greater than any pre- 
viously found for a distant galaxy. The 
value corresponded to a distance of 15 
billion light-years, about 90 percent 
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British lepidopterist Barrie 
of the distance to the visible limits of 
the universe. 

(The spectrum of distant objects is 
shifted toward the red end because the 
universe is expanding, and all the gal- 
axies in it are receding from one an- 
other. This is an example of the Dop- 
pler shift, much like the descending 
yowl of a siren when an ambulance is 
speeding away from the observer. The 
greater the red shift, the more dis- 
tant the object. Thus spectral analy- 
sis has served astronomers as a rell- 
able measuring rod to gauge distances 
in the universe.) 

The greatest previous red shift found 
for a galaxy was 3.4, announced ear- 
lier this year. Previously, astrophysi- 
cists had thought that only quasars, 
bizarre objects that are different from 
galaxies, could have developed so close 


P 


Jones is helping preserve rare butterflies. 


eee 
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to the origins of the universe (quasars 
with red shifts greater than 4.4 have 
been found). The discovery of two such 
distant galaxies in a short time tends 
to cast doubt on one theory of galaxy 
formation, which held that they took 
many billions of years to evolve, and 
therefore must be much younger than 
the universe. 


Superconductor hang-up 


A scientific collaboration of NASA's 
Marshall Space Flight Center, the 
Lockheed Co., and the University of 
Alabama at Huntsville has developed 
a new high-temperature superconduc- 
tor with a unique property: the abil- 

ity to be "levitated" in reverse. 
The material is yttrium-barium- 
copper oxide, one of the new breed of 
Continued 


Most low tar cigarettes are just watered-down versions of 
old brands. Merit was designed from the ground up to be a great-tasting 
low tar. Enriched Flavor" was developed exclusively to give Merit a rich, full, 
satisfying taste, with even less tar than other leading lights. In fact, the majority of smokers 
in a nationwide test agreed that Merit tastes as good or better than 
cigarettes with up to 38% more tar. So don't just join the 
Johnny come-lightlies. Go for the original. 


Enriched Flavor.” low tar.j A solution with Merit. 


SURGEON GENERAL'S WARNING: Smoking 


Causes Lung Cancer, Heart Disease, 
Emphysema, And May Complicate Pregnancy. 


© Philip Morris Inc. 1988 


Kings: 8 mg "tar;' 0.6 mg nicotine av. per cigarette by FTC method. 


Science Newsfront cnn 


| superconductors [^Superconductivity," 
| April] that has been mixed with sil- 
| ver oxide and then heat treated. When 
superconducting, it exhibits the now- 
familiar Meissner effect, in which 
magnetic lines of force are expelled. 
This is what enables superconductors 
| to float, or levitate, above a magnet. 
But the scientific team also suspended 
the new material in air beneath a 
rare-earth magnet. All other high- 
temperature superconductors weigh 
too much compared with their attrac- 
tive forces to be suspended in this way. 

One member of the team, Dr. Pal- 
mer N. Peters of Marshall's Cryogen- 
| ics Physics Office says: "In space, 
| with the elimination of the weight 

associated with gravity, it should be 
possible to develop low-vibration low- 
friction couplings and bearings with 
this technique. The importance of the 
discovery is that this new material not 


L 
4m 


GE mechanical engineer Dr. Marshall 
G. Jones demonstrates a new laser- 
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welding system he helped develop. First 
use: assembling auto headlamps. 


only has stronger suspension forces, 
but exhibits other unusual properties: 
It has demonstrated a lower electri- 
cal resistance at normal temperatures, 
is easier to solder, and is less brittle 
than other high-temperature super- 
conducting materials.” 


David and Goliath 


“David has determined the structure 
of the most common enzyme on the 
face of the Earth.” The speaker: Rich- 
ard Dickerson, director of UCLA's 
Molecular Biology Institute. And the 
David is David S. Eisenberg, a pro- 
fessor of physical chemistry and mo- 
lecular biology at UCLA. The Goliath 
of a molecule he has mapped is called 
RuBisCo, for ribulose bisphosphate 
carboxylase-oxygenase. With some 
37,000 atoms in a three-dimensional 
cluster, it is perhaps the most signifi- 


| cant and complex protein structure 


that is known. 

“It is crucial to life,” says Eisen- 
berg, “because it transforms carbon di- 
oxide into sugar and initiates pho- 
tosynthesis... It is formed in plant 


| leaves at the staggering rate of more 


than a million grams every second.” 

The RuBisCo molecule is one-mil- 
lionth of a centimeter high and wide. 
Eisenberg can pinpoint the location of 
each one of its 37,792 atoms within 
one-billionth of a centimeter. 

The solution of RuBisCo’s structure 
is important to many biological sci- 
entists, including agriculturalists, who 
may be able to increase crop yields 
by modifying the protein’s molecule. 


Fiber-optic laser welder 


A new laser-welding system that con- 
centrates intense energy through 
needle-thin fiber-optic cables to heat 
opposite sides of a workpiece simul- 
taneously has been developed by a 
team at General Electric’s Research 
and Development Center in Schenec- 
tady, N.Y. Dr. Marshall G. Jones, a me- 
chanical engineer who headed the 
effort, appears in the photo at the bot- 
tom of the page, adjusting the outer 
tips of the flexible cables. 

The first application of the new sys- 
tem, which ensures tough symmetri- 
cal welds, is in joining two dissimilar 
wires—one of plated iron, the other 
of molybdenum—to form the conduc- 
tor that supplies current to the fila- 
ment in automotive headlamps. 


Magnetic Neptune 


Neptune has a magnetic field, as as- 
tronomers had long believed but with- 
out good evidence until now. Moreover, 
the field seems to be twice as strong 
as Earth’s, two to three times that of 
Uranus, and about one-tenth that of 
Jupiter. . 

The evidence comes from a stud 
of radio waves emanating from the 
planet. Astronomers at the University 
of California, Berkeley, concluded that 
part of the radio source had to be syn- 
chrotron radiation, produced by elec- 
trons spiraling around the planet’s 
magnetic field lines. Synchrotron ra- 
diation had already been detected in 
Jupiter's radio signals. From the ratio 
of such radiation to Neptune’s total 
radio output, the astronomers were 
able to deduce the strength of its mag- 
netic field. 

Next year, the long-lived Voyager 
spacecraft will fly by Neptune and 
make direct measurements that 
should confirm the discovery. "EH 


The ultimate in sound... The ultimate in — - 


134347. Huey Lewis— 
Small World. Latest 
good time rockers in- 
clude Perfect World, 
more. (Chrysalis) 
115356. Vivaldi, The 4 
Seasons— Trevor Pin- 
nock. (Archiv DIGITAL) 
180187. Bruce Hornsby 
& The Range—Scenes 
From The Southside. The 
Valley Road, more. (RCA) 
163917. Randy Travis— 
Always And Forever. 
Forever And Ever Amen, 
more. (Warner Bros.) 
125179. Tchaikovsky, 
1812 Overture; Nut- 
cracker Suite; more— 
Solti. (London DIGITAL) 


163629. Whitesnake. 
Still Of The Night, Give 
Me All Your Love, more. 


iia. M 

Ma & 
The Mc Me! here 
Conssious. Party. 


Tomorrow People, What's 
True, New Love. (Virgin) 
163643. Strauss—Don 
Quixote; Burleske 
Reiner, Chicago Sym- 
phony Orchestra. (RCA) 


y HOROWITZ N MOSCON 


154404. Chicago 19. 

| Don't Wanna Live With- 
out Your Love, Heart In 
Pieces, etc. (Reprise) 


115457. Itzhak Perlman: 


French Violin Show- 

pieces—Carmen-Fan- 
tasy, Havanaise, more. 
(DG DIGITAL) 


144576. The Judds— 
Greatest Hits. Give 

A, Little Love, Mama 
He's Crazy, more. 
(RCA) 


223559. Beach Boys— 
Endiess Summer. 

Fun Fun Fun, ! Get 
Around, Surfer Girl, 
Don't Worry Baby, more. 
(Capitol) 


115306. Handel, Water 
Music— Trevor Pinnock. 
(Archiv DIGITAL) 


172190. Elvis Presley— 
The Number One Hits. 
18 #15. (RCA) 


115530. Eine kleine 
Nachtmusik, Pachelbel 
Canon, Toy Symphony 
Marriner, Acad. of St. 
Martin. (Philips DIGITAL) 


130766. More Dirty 
Dancing/Original 
Soundtrack. Contours: 
Do You Love Me, more. 
(RCA) 


170259. Paul Winter, 
Consort—lcarus. Title 
song, Minuit, Sunwheel. 


125254. Horowitz in 
Moscovi— Scarlatti, 
Mozart, Rachmaninov, 
Scriabin, Schubert, 
others. (DG DIGITAL) 


150813. Van Halen— 
OUB812. When It's Love, 
Black And Blue, etc. 
(Warner Bros.) 

153582. Tracy Chapman 
— Fast Car, Talkin’ Bout 
A Revolution, Baby Can I 
Hold You, etc. (Elektra) 


HOROWITZ 
pis MOZART 


115436 


152854. Whitney 
Houston— Whitney. 
Didn't We Almost Have It 
All, etc. (Arista) 


134073. Richard Marx 
—Hold On To The 
Nights, Endless Summer 
Nights, Should've Known 
Better, etc. (EMI-Manhat- 
tan) 

163579. Segovia Plays 
Torroba (MCA) 

262889. Virgil Fox: The 
Digital Fox —Organ 
works by Bach & others. 
(Bainbridge DIGITAL) 
154391. Hank Williams, 
Jr.—Wild Streak. if The 


123721. Jimmy Page— 
Outrider. Wasting My 
Time, The Only One, 
Wanna Make Love, 
Hummingbird. (Geffen) 


134321. Led Zeppelin. 
Houses Of The Holy— 
The Song Remains The 
same, more. (Atlantic) 


134392. Robert Plant— 
Now And Zen. Heaven 
Knows, Tall Cool One, 
etc. (Es Paranza) 
105392. Pops In Space 
— Boston Pops/ Williams: 
star Wars, Superman, 
more. (Philips DIGITAL) 


173406. Jazz CD Sam- 
pler. 15 performances 

from Louis Armstrong, 

others! (PolyGram) 


153501. U2— The 
Joshua Tree. With Or 
Without You, Still Haven't 
Found What I'm Looking 
For, etc. (Island) 


115331. Stravins 
Petrouchka (1911 
sion), more. Montreal 
Symphony Orch./Dutoit. 
(London DIGITAL) 


154375. Pat Benatar— 
Wide Awake In Dream- 
land. All Fired Up, Lets 
Stay Together, Cool Zero. 
(Chrysalis) 
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PRICE OF 


...with nothing more to buy ever! ever! 8 
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173233. James Galway 
—Greatest Hits. The 
Pink Panther, Angel Of 
Music, Dreamers, more. 
(ACA) 


244534. The Sun Story. 
Early classics by Elvis, 
Jerry Lee Lewis, Carl 
Perkins, Roy Orbison, 
etc. [1 disc] (Rhino) 


134647. J. R. Baker— 
Rhapsody In Electric 
Blue. Gershwin on 
synthesizer! (Newport 
Classic DIGITAL) 


244006. Simon & Gar- 
funkel—The Concert In 
Central Park. [1 disc] 
(Warner Bros.) 


134536. Madonna— 
You Can Dance. 
Biggest dance hits! 
(Sire) 


104810. Mozart, Sy Arad 
Nos. 40 & 41 (Jupiter) 


Levine, Chica a 
phony. (RCA DIGITAL) 


124705. Jethro Tull— 
Aqualung. Locomotive 
Breath, etc. (Chrysalis) 


134408. David Sanborn 
—Close-Up. Slam, You 
Are E^ ing, etc. 
(Warner roa 


And...take advantage of our 
INSTANT HALF-PRICE Bonus Plan! 


Unlike other clubs, you get 50%-off 
Bonus Savings with every CD you buy 
at regular Club prices, effective with 
your first full-price purchase! 


153810. Talking Heads 
—Naked. (Nothing But) 
Flowers, Mr. Jones, Totally 
Nude, Blind, etc. (Sire/Fly) 


163322. Elton John— 
Greatest Hits, Vol. 1. 
Your Song, Daniel, 
others. (MCA) 


154087. Prince— 
Lovesexy. Alphabet St., 
Glam Slam, | No, etc. 
(Warner! Paisley Park) 
160027. Alabama— 
"Live". Love In The First 
Degree, There's No Way, 
Dixieland Delight, etc. 
(RCA) 

164165. Bobby McFerrin 
— Simple Pleasures. 
Don't Worry Be Happy, 
All | Want, etc. (EMI- 
Manhattan) 

174252. The Tokens— 
Re-Doo-Wopp. Title 
song, Choice Ladies, 
Slow Dance, more. 


| Original 
| Soundtrack 


| p - 


182522 


153621. Beethoven, 
Symphony No. 7; 
more.—Royal Philhar- 
monic/Previn. (RCA 
DIGITAL) 


124546. The Moody 
Blues— Sur La Mer. | 
Know You're Out There 
Somewhere, No Lies, 
etc. (Threshold) 


143293. Glenn Miller 
Orchestra—in The 
Digital Mood. (GRP 
DIGITAL) 


144300. Phil Collins— 
12 Inchers. Extended 
versions of big hits One 
More Night, etc. (Atlantic) 


154358. Slatkin Con- 
ducts Pictures At An 
Exhibition, more— 
(RCA DIGITAL) 


164160. The Who— 
Greatest Hits. Pinball 
Wizard, Who Are You, 
Magic Bus, more. (MCA) 


124499. The Alan 
Carmona Pro Voya 
nstrumenta ages. 
| Robot, Voya 

Pipeline, bio Arista) 


115541. Bach, Branden- 
burg Concertos 1-3— 


Pinnock. (Archiv DIGITAL) 


(Living Music) South Woulda Won, Love 


M.D. etc. (Warner/Curb) 


START NOW WITH 4 COMPACT DISCS! 


Yes, pick any 4 compact discs shown here! You need buy just one 
selection at regular Club prices (usually $14.98—$15.98)...and take 
up to one full year to do it. Then you can choose another CD free as a 
bonus. Thats 6 compact discs for the price of 1 and there's nothing 
more to buy...ever! (Shipping & handling added to each shipment.) 


HOW THE CLUB OPERATES 
You select from hundreds of exciting compact discs described in the 
Club's magazine and mailed to you approximately every 3 weeks (19 
limes a year). Each issue highlights a Featured Selection in your 
preferred music category, plus alternate selections. If you'd like the 
Featured Selection, do nothing. It will be sent to you automatically. If 
you d prefer an alternate selection, or none at all, just return the card 
enclosed with each issue of your magazine by the date specified on 
the card. You will have at least 10 days to decide, or you may return 
your Featured Selection at our expense. Cancel your membership at 
any time after completing your membership agreement, simply by 
writing to us. 

FREE 10-DAY TRIAL 

Listen to your 4 introductory selections for a full 10 days. If not 
satisfied, return them with no further obligation. You send no money 
now, so complete the coupon and mail it today. 


Compact Disc Club (A Service of BMG Direct Marketing, Inc.) 
6550 E. 30th St., Indianapolis, IN 46219-1194. 
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= CLUB Z YES, please accept my membership in the Compact Disc Club and 
p 

send me the four Compact Discs I've indicated here, billing me for just shipping and 


handling under the terms of this ad. | need buy just 1 CD at regular Club prices during 
the next year—after which | can choose a FREE bonus CD! That's 6 for the price of 


a wmm YOUR SAVINGS START HERE emm umm um 
Mail to: Compact Disc Club/ 


RUSH ME THESE 4 CDs (Indicate by number): 
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| am most interested in the musical category f A L] EASY LISTENING (Instrumental/Vocal Moods) 
checked here— but | may always feel free to B[]COUNTRY C[]HARDROCK 
choose from any (check one only): B p O POP/SOFTROCK EO CLASSICAL 


O MR. 


[] MRS. E ooo 
Last Name 


O MISS First Name Initial (PLEASE PRINT) 
Address Apt. 
Í Cit State Zi 
| Telephone ( 
Area Code | 


Limited to new members, continental USA only. One membership per family. We reserve the right to request 
additional information or reject any application. Local taxes, if any, will be added. 
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PO. Box 91412/Indianapolis, IN 46219 | 


1...with nothing more to buy ever! (Shipping & handling is added to each shipment.) | 


ometime in the third century 
S B.C. the Greek mathematician 

W Archimedes is said to have hit 
upon a method of drawing water out 
of a ship's hold using a pipe coiled 
around a shaft that was turned by 
hand. 

Two thousand-odd years later, in 
1905, a U.S. patent was issued for a 
concept using a variation of Archi- 
medes' screw. 

But it's only been possible recently 
to use that idea in a refrigerant-gas 
compressor for heat pumps and air 
conditioners. Scroll compressors offer 
greater efficiency, reliability, durabil- 
ity, and quieter operation than stan- 
dard piston-type compressors, makers 
claim. And you may not pay top dol- 
lar for machines that use 
them. 

Why the delay? Ed Pur- 
vis, air conditioning mar- 
ket manager for Copeland 
Corp., whose scrolls were 
introduced this spring, 
says: "Scrolls require man- 
ufacturing techniques well 
beyond those of 1905. | 
Their complex shapes have - 
to be machined at extreme- 3 
ly high tolerances—exact 
to less than 000 of an inch." 
Another reason: Heat- 
pump and air conditioner 
manufacturers must meet 
the government’s mandate 
of a seasonal energy 
efficiency ratio (SEER) 


Two scrolls work together to 
compress refrigerant gas in the 
new Lennox HP20 heat pump: While 
one scroll stays fixed, the second or- 
bits it—it revolves, but doesn’t turn on 
its axis—drawing gas into the outer 
pocket (inset). The gas is further com- 
pressed in each crescent-shaped pocket 
as it is forced toward the center, where 
it is discharged after 1'2 revolutions. 
Several pockets of gas are compressed 
simultaneously during each orbit. In- 
take and discharge are also continu- 
ous, smoothing operation. 
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10 most. systems by 1992. 


With piston compressors, that’s not 
easy to do without adding significantly 
to the cost and size of A/Cs and heat 
pumps. But a scroll adds up to 1.5 
SEER without those penalties. And 


Lennox estimates its typical HP20 . 


three-ton (36,000-Btu/h) heat pump 
with a 10.3 SEER, which uses the 
Copeland scroll, is about $1,500 to 
$2,000 (installed)—roughly compara- 
ble to piston-compressor pumps of the 
same size, but with an 8.5 SEER. 
Continued 


compressor 


By MARIETTE DiCHRISTINA 


DRAWING BY BOB LANGE 


Jellyroll 


Advertisement 
A“man-made’oil 
that likes it 
hot...or cold. 


That's a mighty midget under the 
hood of your car. 

The engineering magicians design- 
ing today's autos keep "downsizing" 
the engine—while "upsizing" its power. 
You're getting more and more muscle 
from smaller packages. 

What's the secret? For one thing, 
today's smaller engines work harder 
than their forefathers—and hotter. 

Not only that, your muscular midget 
can draw on powerful new weapons in 
a pinch. 

Like turbocharging. 

Its really a simple idea: Cram more 
air into the cylinder to mix with gaso- 
line, and you increase power. 

Let's say you tromp down on the 
gas to pass or zip up a hill. More of 
your exhaust gas is routed past the 
turbocharger impeller fan, turning it 
faster. It drives another fan that com- 
presses air, pushing more of it into the 
cylinder. 

That impeller fan can be whirring 
2,000 times a SECOND. Yes, things 
get hot. Temperatures in the turbo- 
charger area can reach 570°F or 
more. 

Researchers reported tests show- 
ing that a top-graded synthetic oil 
outperformed top-graded conven- 
tional oil in turbo heat. The "man- 
made" oil retained body and lubricating 
capability much better. It kept engine 
parts cleaner. When conventional oil 
was used, deposits of "coke" often led 
to turbocharger bearing failure. 

Other tests showed that synthetic 
oil flowed easily at 35?F below zero, 
retaining lubricating capability well 
after most conventional oils were virtu- 
ally solid. 

How can a "man-made" oil outper- 
form nature's best? Because of the 
way it's made. A conventional lubricant 
starts with crude oil. Refinery pro- 
cesses leave several thousand KINDS 
of hydrocarbons that more or less 
work together. 

In contrast, a synthetic is put 
together from a few pure chemical 
“building blocks" chosen for their spe- 
cial lubricating capability. 

Maybe it all helps explain why the 
top three winners in an 8,900-mile rally 
up into the sub-Arctic Yukon and back 
to near the Winter Olympics all used 
synthetic engine oil. Helped the cars— 
if not the drivers—wake up easily on 
those 4 a.m. starts at 40 below. 


Brought to you by Mobil 1° 
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Jellyroll compressor continued m 


Unlike conventional compressors, 
which use about 15 parts to create the 
piston action that compresses the re- 
frigerant gas, a scroll compressor uses 
two components (see caption). Fewer 
parts may mean fewer problems in 
production and repair, claim makers. 

Piston compressors need discharge 
and intake valves, but scrolls dont. 
Purvis says this cuts the compressor- 
made sound in a typical three-ton heat 
pump from about 73 to 67 decibels. 
"That's roughly the difference between 
traffic and office noise," he adds. Of 


ORDINARY 
PEOPLE. 
| EXTRAORDINARY 
Results that come from a 
polyurethane finish which 
combines hand- rubbed 


beauty and polyurethane 
protection. 4 
POLY 


The ordinary person: 
Heidi Kluger, Textile 
Designer. The extraor- 
dinary result: a drop-dead 
drop-leaf table. 
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Nothing workslike things ; 
from The Workshop. 


© 1988 Thompson & Formby Inc. 
The Formby's Workshop, Olive Branch, Mississippi 38654 
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course, the full pump or A/C, with mo- 
tors and fans, is a bit louder. 

Centrifugal force keeps the scroll 
members tight. But they separate 
slightly in response to pressure from 
debris and liquid refrigerant, which 
consequently cause no harm. 

Unlike piston types, suction and dis- 
charge occur in separate places in 
scrolls, reducing heat loss. U.S. mak- 
ers add that scroll members will slide 
into their best fit, cutting gas leaks. 

Several companies use scrolls. Len- 
nox uses Copeland’s in heat pumps, 


“I gave my drop-leaf 
table the look of fine x. | 
old English furniture, "] 
with polyurethane ko- b 
protection.” i. S- 
Heidi loves to surprise people by telling 
them that her table was finished with 
polyurethane. “They can't believe it,” 


says Heidi, “because they expect that 


plastic look.” 

But Formby's* hand-rubbed Poly 
Finish, has none of that artificial 
gloss. At The Formby's Workshop 
we created a polyurethane that's 
rubbed in, not brushed on. So it 
penetrates deep, to give poly- 
urethane protection with hand- 

rubbed richness and beauty. 

Let Heidi's triumph 
inspire you. 

E. Thanks | 

to the 

remarkable 
products 

that come 

from The 
Formby's 

J Workshop— 

7 andourtoll-free | 
Y^ number forexpert | 

" advice—you can get 

extraordinary results. 


Rheem, only in air conditioners, and 
Heil-Quaker, in both. The Trane Co. 
makes its own version of the scroll, 
which it uses in commercial-size A/Cs 
up to 60 tons. Scrolls have been in 
Japan for a few years, and since 1986 
Carrier Corp. has sold A/Cs and heat 
pumps with scrolls made by Hitachi. 

(The 1905 scroll design, incidentally, 
was meant for use with steam engines. 
And Volkswagen used the idea in its 
G-Lader supercharger [Jan. '87].) 

Both Copeland and Trane spent 10 
years on development. “We had to de- 
velop the manufacturing and design 
technologies at the same time," says 
Purvis of the Copeland effort. “It’s like 
having two equations with two un- 
knowns. How do you solve them si- 
multaneously?” Computer models 
helped. 

While the material used for Cope- 
land scrolls is conventional—cast iron 
—how it’s made is secret. “It’s hard 
to protect manufacturing processes 
by patenting,” notes Purvis. "So we 
simply don’t show anybody. We have 
twelve-foot concrete walls around our 
machine shop [in Sidney, Ohio].” 


Not so hot? 


Despite the design’s generally ac- 
knowledged promise, not everyone is 
convinced scrolls are the cure-all for 
future needs. Because of its complex 
shape, some raise questions about the 
scroll’s efficiency and reliability. For 
example, if the scroll members don't 
meet perfectly, gas could be leaked. 
And Tecumseh Products Co., which is 
developing scrolls, but not yet selling 
them, has found that the high cost of 
manufacturing using the present state 
of the art may prove prohibitive, says 
spokesman Kenneth Goldmann. 

Makers admit the scroll itself costs 
15 to 20 percent more for residential- 
size units (though not for commercial) 
than piston types. “It costs a lot to 
develop a totally new compressor,” 
explains Bob Utter, Trane’s manager 
of scroll compressor engineering. He 
notes that scrolls can run at higher 
speeds, which may make future use 
cheaper. Purvis adds, “The way you 
solve that [the present high cost] is 
to make more.” 

But Purvis is confident about the 
future: “Piston technology has been 
on the market for decades and has 
improved tremendously. This is the 
first scroll, and it adds ten percent 
efficiency. We've just begun.” Gs) 


| Carrier Corp., Box 4808, Syracuse NY 13221; Heil-Quaker 


| Corp., Box 3005, Lavergne TN 37086; Lennox Industries, 


Box 809000, Dallas TX 75380; Rheem Air Conditioning 
Div., Box 6444, Fort Smith AK 72906; The Trane Co., 3600 
Pammel Creek Rd., La Crosse WI 54601 


The most innovative shaving technology is finally where it belonc 
Under your thumb. 


The Braun shavers three 
position switch offers a decided 
advantage to those who require 
the best of all possible shaves. 

Slide it into position 1 8&8 and 
you activate our ultra-thin, plati- 
| num-coated foil and cutterblock 
system. This in itself provides a 


closer, smoother shave. 

Position 2 BE then couples 
this cutting action with that of 
our trimmer for complete 
grooming of awkward hairs on 
the neck. 

And position 3 E extends 
the timmer beyond the shaver 


head for precise visual control 
when trimming sideburns or 
mustache. 

This performance oriented 
approach to design has made 


Braun the world's #1 selling foil 


shaver. Which is one more 
position we re happy to be in. 


| 
| 
Ó—— 1 


Designed to perform better. 


Flame 
switcher 


Self-cleaning gas ovens are cheaper to 
run than self-cleaning electric models, 
but they are notoriously expensive. So 
the Gas Research Institute commis- 
sioned Arthur D. Little, Inc., to develop 
a cost-effective self-cleaning gas oven. 


It can do SO much, 
it's almost unfair to call it 
asander. 


The new Delta 1" Belt Sander is so handy that there's almost 
no end to what you can do with it. And at only S099 95, X Ust think 
what a great addition it'd make to your shop. 

You can use it to sand, grind, deburr, con- 
tour, sharpen, buff, or polish just about any 
material. It uses standard 1" x 30" abrasive 
belts. And there's a power take-off for mount- 
ing an accessory flexible shaft with attach- 
ments that can do dozens of extra jobs. 

In fact, our new 1" Belt Sander 
does so many things so well, you may won- 
der how you ever got along without it. Call 
toll-free for the name of your Delta Dealer. 
Delta International Machinery Corp., 
800/438-2486 (in PA, 800/438-2487). 


Building 
On Tradition 
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MDELTA 


A Pentair Company 


The result: an oven that uses one flame- 
switching burner rather than two or- 
dinary burners. 

The absence of a second burner re- 
duces cost by eliminating the need for 
an additional ignition and control sys- 
tem. The 30-inch prototype stove's sin- 
gle burner operates in two modes: con- 
vection, for baking, and high radiant, 
for broiling. The single-burner subas- 
sembly sits near the top of the oven 
cavity. A downdraft high-temperature 
recirculation blower provides uniform 
convection heating for baking. During 
broiling a radiation panel evenly dis- 
tributes radiant energy. 

Fresh air injected into the gas-air 
stream creates secondary combustion. 
During baking and cleaning, the high- 
temperature blower wheel draws the 
flame and combustion products to the 
bottom of the oven through a duct. 
Cleaning is handled pyrolytically at 
875 degrees F or higher. 

The GRI claims that the new stove's 
carbon-monoxide emissions have been 
measured at 800 parts per million or 
less, well below American National 
Standards Institute Z-21 safety stan- 
dards.—Cheryl M. Fiorillo 


Single-burner 
convection oven 


VENT 


| BROIL — —> —] 
| RADIATION S | 


| PANEL |__| DRAW 
| BURNER , DUCT 
FRESH-AIR——~ | 
INJECTION 


CONVECTION 

| AIR CHANNEL 
| HIGH -TEMPERATURE 
BLOWER WHEEL 


HOT-GAS RECIRCULATION 


Red represents hot-gas recirculation in 
baking mode; green shows hot-gas flow 
in broiling mode; blue indicates gas-air 
flow in both modes. 
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“Say, Smokey—" 


A clinic on cars by Smokey Yunick, America's most famous mechanic 


Knocking trailer 

I have a drivability problem with my 
1985 Chevrolet Caprice, equipped 
with a five-liter V8 engine and four- 
speed overdrive automatic transmis- 
sion. Although I fill up with premium 
unleaded gasoline when pulling my 
4,000-pound 19-foot trailer, the engine 
still knocks and overheats. Before the 
first road trip, I installed both an 
engine- and transmission-oil cooler, 
but experienced extremely high temp- 
erature-gauge readings (well above 
220 degrees F) and spark knocking. 
Replacing the standard radiator with 


a heavy-duty one dropped the operat- | 


ing temperature to just below the 
220-degree mark; however, the spark 
knocking continued, and the car 


| started backfiring while trying to | 
| maintain 55 mph on a slight grade. | 


Easing off the accelerator pedal les- 
sened the problem. Is it possible that 
this is still due to overheating, or is 
it a more complex problem? 

Richard Rice, Hobe Sound, Fla. 


Because you're pulling that kind of 
weight, it was a good move to upgrade 
the radiator and add the oil coolers. 
But your car was not set up to pull a 
4,000-pound load. Unless you change 
to a lower-temperature thermostat, the 
engine will still operate at around 220 
degrees. The backfiring at high speed 
is probably due to burning a lean fuel- 
air mixture and too much ignition 
| advance for the load. My advice is to 
try adjusting one of the timing par- 


ameters, such as replacing the com- | 
puter PROM (programmable read-only | 


| memory) chip with a different ignition 


timing program, or getting a camshaft 


| with a slightly different profile. The 
problem with either of these solutions 
is that, unless the replacement parts 
are certified by the government not to 
increase the content of certain pollu- 
tants in the exhaust, they are both 
illegal with respect to emissions laws. 
There is no shortage of companies of- 
fering specialized car chips and cam- 
shafts; the problem is passing the 
emissions testing the next time the car 
is inspected. 


Oil-changing times 


I own a 1987 Ford F-150 4x4 pickup 
equipped with a five-liter EFI engine 


and automatic overdrive transmission. 


The truck uses a quart of oil about 
every 800 miles. The dealer says that | 


there is nothing wrong with the en- 
gine, and that this degree of oil usage 
is the result of specially designed pis- 
ton rings, which allow oil to spray into 
the combustion chamber for added lu- 
brication. The dealer says that a quart 
of oil every 500 to 700 miles is well 
within the normal range. Is this in- 
formation correct, or is the dealer 
trying to avoid some potentially ex- 
pensive warranty work? 


Stevan Crawford | 
Renton, Wash. 


Yes, oil consumption in the range of 
one quart over 700 miles is considered 


OK by today’s standards. However, I'd 


consider the addition of a quart of oil | 


every 2,000 miles closer to the target. 
Yet l'ue seen two identical cars where 
one uses a quart every 700 miles and 
the other one quart every 5,000 miles. 


Granted, they were probably driven | 


differently; there is a tremendous de- 
gree of variation possible within the 
same model. I doubt the dealer is try- 
ing to snow you, because warranty cov- 
erage doesn't cost him a cent. One thing 
for sure, that much oil consumption 
will accumulate a lot of combustion- 
chamber deposit. 

Whenever oil consumption seems ex- 
cessive, the first thing you need to do 
is determine where all this oil is going: 
out the tailpipe or onto your garage 
floor. If, as the dealer says, it is being 
burnt, then look for a blue tinge to the 
exhaust. Next, spread some old news- 
paper underneath the engine compart- 
ment at night, and look for spots in 
the morning. This should give you a 
clue. 


Spongy stopper 


I own a 1985 Dodge Lancer with brake 
problems. I purchased the car as a 
demonstrator model with 3,000 miles 
on it, and the brakes have always been 
spongy. No matter what speed I'm 
driving at or how much pressure I 
apply, the pedal goes right to the floor, 
then the car gradually stops. I have 
taken the car to the dealer several 


| times, and have been told there was 


nothing wrong with the brakes. Fi- 
nally, the rear adjusters were replaced 


at my expense, but this failed to solve | 


the problem. Last week I had the front 


Continued 


At Armstrong, we've been 
building toughness into our 
tires for over 75 years. 

Like our Five Star premium 
radial. With a road gripping 
all-season tread, an aramid- 
over-steel Durafold ™ belting 
system and our best 50,000 
mile limited warranty." 

see your local Armstrong 
dealer today for the tires built 


tough as a rhino. 
* For complete details contact your 
Armstrong dealer. 
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Looking for a fantastic buy on a new home or a versatile business tested 


We Make It Easy With: Our Homes Made Of Steel Offer: 

* Versatile investment programs + Super energy efficiency (R-30) 

e Substantial discounts on homes * Low maintenance/high strength 
Unrestricted sales territories BP  * Clearspan interior flexibility 
No inventory requirement &* Hundreds of popular designs 
Full training and support P7 * Fast, simple construction 
Financing assistance * Unique patented designs 

' Advertising support | | * Custom designs available 

e Construction assistance " n e Affordability 
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Call for FREE pkt & schedule of next SEMINAR to be held in your area 


Call Toll Free:1-800- TRI-STEEL 


PUT 
CEDAR ROOF OVER 
YOUR OLD ROOF. 


There's nothing like Red Cedar shingles and 
shakes to add beauty and value to a home. 
And nothing simpler. You'll eliminate the litter 
and expense of removing your old roof. And 
reduce your energy costs, because you're add- 
ing one of nature's best insulators. 

Experience Red Cedar. And experience an 
enduring American tradition. 


Em send me the brochure "Over-Roof with Cedar." $1.00. 
| Name 

Address zs dint 
| Sp oe —— —ÀÀ ea € A  À Stn fo 


RED CEDAR SHINGLE & HANDSPLIT SHAKE BUREAU 


Suite 275, 515 116th Avenue NE, Bellevue, WA 98004. 
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“Say, Smokey—" 


Continued 


pads replaced and the rotors turned, 
and now the brakes are even worse. 
I'm afraid I won't be able to stop quick- 
ly enough to avoid a collision. Do you 
have any suggestions? 

Charles Jones, Hurt, Va. 


Generally there are five reasons for 
spongy brakes (in order of frequency): 


1) air in the hydraulic system; 2) im- | 


properly adjusted or worn rotors; 3) 
bad finish on discs or discs worn from 
use; 4) loose, worn, or frozen brake 
attachment or actuating parts; 5) a hy- 
draulic problem with the master cylin- 
der or power booster. If all the brake 
parts check out and air has been bled 
out of the system and the pedal is still 
spongy, try another approach. Isolate 
sections of the brake system by block- 
ing off the brake line at different points. 
Start by bloching off the master-cylin- 
der line and trying the pedal for firm- 
ness. If the pedal is still spongy, go fur- 
ther. Move on to the front wheels and 
then the rear wheels, blocking off the 
line to the calipers. When you get to a 


| point where the pedal becomes firm 
| you have located the area causing the 


problems. 


Idiotic light 
When I drive my 1985 Buick Le Sabre 
with the cruise control turned on, the 


yellow CHECK ENGINE light comes on | 


after several miles. Two good indepen- 
dent local mechanics have checked the 
car on their computerized test equip- 
ment and say there are no “hard fail- 
ures" in the car and that I can drive 


it safely without worrying about the | 


warning light. Two local General Mo- 
tors dealers say I shouldn't drive the 


| car until the problem is located. 


O. Osborne, Topock, Ariz. 


| I think your mechanics are probably 
correct in telling you that it's safe to | 


drive the car, even though the engine 
light is coming on when you use the 


cruise control. GM tells me that a com- | 


puter program bug in some of the en- 


gine control modules on cars like yours | 


was cleared up in later versions. I hon- 
estly can't tell you how to get the light 


| to stop coming on when there's noth- 


ing wrong. 
Got a car problem? Send it to "Say, Smokey —,'"' POPULAR 


SCIENCE, 380 Madison Ave., New York, N.Y. 10017. All let- | 


ters are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey can- 
not reply to letters not selected for publication. 


DRAWING BY BOB LANGE 


As cars drive over a buried induction 
loop during the red-light phase, the au- 
tomatic camera is triggered. The unit 
snaps two pictures: the first when the 
vehicle passes over the induction loop, 


It's late. You're tired. The traffic sig- 
nal ahead has switched from green to 
amber. In a precious few seconds it 
will change to red. As you approach, 
it does. There's no one around—not 
another car for miles. You look both 
ways, determine that the coast is clear, 
and ignore the stop signal. 

Click. ! 

Click. 

The sounds you did not hear were 
from the shutter of an automatic cam- 
era that took two crystal-clear pictures 
of your car (and license plate) as you 
ran the light. And the ticket that will 
turn up in your mailbox is real, very 
real. 

That is the scenario envisioned by 
New York City Department of Trans- 
portation Commissioner Ross Sandler 
and Mayor Ed Koch. Each year traffic 
violations in New York City number 
in the hundreds of thousands. In 1986 
alone, over 400,000 tickets were 1ssued 
to motorists who ran red lights. But 
the city is hoping to curb all that with 
the use of specially designed auto- 
matic cameras rigged up to traffic 
lights. 

Automatic traffic-camera systems 
are widely used in Europe and the 
Middle East. They are less well-known 
in the United States, though radar 
cameras are commonly used to catch 
speeding drivers. New York has tested 
several photographic red-light moni- 
tors, including the Traffiphot and the 
Multafot. 

Traffiphot (see drawing) can take 
800 pictures in sets of two, capturing 


' eum INDUCTION LOOP 


AUTOMATIC 
CAMERA 


the second after an adjustable preset 
period of time. The second image is the 
most telling—it proves how far a car 
did, or did not, travel after initiating 
the picture-taking sequence. 


400 red-light violators on film. The 
Traffiphot system only photographs 
vehicles from behind. It makes a sharp 
image of the offender's license plate 
but doesn't take a picture of the per- 
son behind the steering wheel. The 
registered owner of the violating ve- 
hicle, not necessarily the driver, re- 
ceives the ticket. (A change in New 
York's legislation to allow car owners 
to be ticketed is pending.) 

The two exposures show a vehicle 
crossing the stop line and, between ' 
and 10 seconds later, the same vehi- 
cle's further progress. The time delay 
between pictures is adjustable to suit 
different road widths, e.g., two lanes 
verses four. The photograph includes 
the traffic signal in its red phase as 
well. The film, black and white or 
color, is 35mm miniature; film speed 
is adjustable for 100, 400, and 800 
ISO. The 4x9mm negative contains 
an area that records the date and time 
of the violation. Focus, exposure, and 
flash are all automatic, of course. The 
unit also monitors up to three sepa- 
rate signal-controlled lanes of traffic 


as well as right or left turning viola- | 


tions at the intersection. 

Multafot, a microprocessor-con- 
trolled red light surveillance system 
featuring a Jacknau recording cam- 
era, works in much the same way. The 
unit is wired to an induction loop 
buried behind the crosswalks. Manu- 
facturer Zellweger Uster, however, em- 
phasizes that the camera's enclosure, 
for what it's worth, is bulletproof. — 
Cheryl M. Fiorillo 


Whether driving on or off the 
road, you want tires that can 
really take the punishment. 

Like our Norseman All 
Season. With a road gripping 
tread, a patented Tredloce 
belting system of woven 
aramid, and a 40,000 mile 
warranty." 

See your local Armstrong 
dealer today for the tires built 


tough as a rhino. 
* For complete details contact your 
Armstrong dealer. 
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Automotive Newsfront 


By DAN McCOSH Detroit Editor with Stuart Brown and Herb Shuldiner 


in 


Two-stroke's return | tive fuel system with U.S.-based Wal- 
bro Corp., and has licensed the system 
Momentum keeps building for a re- | to Ford Motor Co. Peugeot recently in- | 
vival ofthe two-stroke gasoline en- | stalled its new-technology two-stroke | 
gine for passenger cars. The idea | in an experimental show car. 
has been greeted with mixed re- Both the Orbital and Peugeot de- 
views in the past, as when the mess | signs atomize fuel particles by using 
of mixing oil with the fuel, com- | compressed air to blast fuel into the 
bined with exhaust that | cylinders. Peugeot uses an ingenious 
smoked like a Florida or- | system of tapping crankcase pressure, 
ange grove in the frost | while a separate compressor is needed 
season, doomed the pop- | in the Orbital system. Orbital also 
corn-popper sound of the | claims to be able to control the com- 
two-stroke Saabs and | bustion process closely enough to ap- 
DKWs of the early | proximate so-called stratified charge 


1960s. | combustion—burning the fuel in lay- 
Mainly because of | ers just before they are exhausted. 
the work of Australia- The two-stroke revival is also seen 


based Orbital Engine | as a way to dramatically reduce the 
Co., which has devel- | size and weight of a standard piston 
oped a direct-injection | engine, while using the same machine 
system that solves | tools now on four-stroke-engine pro- 
some of the combustion | duction lines. 
problems of two-stroke In a two-stroke engine, firing on ev- 
= designs, auto manufac- | ery stroke theoretically means twice 
139 turers are taking a sec- | the power for a given displacement as 
ond look. Orbital has | compared with a four-stroke, al- 
formed a joint venture | though incomplete combustion has in 
to develop its innova- | the past tended to reduce this efficien- 
cy. Lubricating a two-stroke frequent- 
ly adds to its emissions problems, be- 
cause the oil is mixed with gasoline to 
lubricate the cylinder walls. The new 
generation two-strokes use a total- | 
A iig tech- loss metered oil system that constant- 
ate iced ly pumps oil into the engine bearings. 
impressive ad- The packaging advantages of a two- 
vantages of Peu- stroke so far have been pitched at 
geot's experimen- small economy cars. But a compact | 
tal two-stroke two-stroke V6, with a firing order sim- 
engine: size and ilar to that of a four-stroke V12, offers 
weight reduction. | the potential for high horsepower in 
short overall length—a configuration 
that fits neatly into the transverse, 
front-drive layout that powers most 
cars today. 


Last Mercedes shifter 


The redesigned Mercedes 190E is the 
only car from West German Daimler- 
Benz AG that will come with a man- 
ual transmission in the 1989 model 
year. The 190E comes with new side 
moldings that increase the car's width 
by slightly less than a half inch, along 
with restyled bumpers. Other styling 
changes include new high-gloss dark 
Eras | bronze-finish trim strips on the roof 
a a a a | : and around the windows, similar to 
In 1989 the new Mercedes 190E will engine, when the German luxury-car | those on the 300CE. There's also more 
only come with a 2.6-liter six-cylinder maker drops its four-cylinder engine. rear knee room and redesigned seats 
Continued 
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SURGEON GENERAL'S WARNING: Cigarette 
Smoke Contains Carbon Monoxide. 
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© 1988 R.J. REYNOLDS TOBACCO CO. 


| cess, the rules dictating how a car and | i 
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This four-door prototype of a 1990 


Automotive Newsfront coniniec 


=e 


Chevrolet appears slightly larger than 
the current Corsica model. The car was 
PHOTO BY HIDDEN IMAGE 


The 1989 Spectrum, part of GM’s Geo 


import lineup, will be replaced in 1990 


with recesses for seat-belt buckles in | 


the rear seats. The result of these 
changes is a more pronounced Mer- 
cedes look and feel for the baby Benz. 
The 190E is expected to cost under 
$33,000—down from last year’s price. 
There will also be a diesel-powered 


190D—the only Mercedes to come | 


with an oil burner. 


Good clean fun 


Racing drivers and the mechanics | 


who keep their cars running strong 
are always searching for any perfor- 
mance edge that can mean the differ- 
ence between taking the checkered 
flag and being an also-ran. In the pro- 


its engine must be built are some- 
times bent a wee bit. Everybody tries 
it—if he thinks he can get away with 
it. 


GM technicians use the 
sophisticated CAMS di- 
agnostic system to weed 

out illegally outfitted 
engines before a Cor- 
vette Challenge race. 
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disguised with chrome tape around the 
windows and tape on the side and rear 
lights when caught on film. 


by the Isuzu-made Geo Storm (above), 
caught by the spy photographer's lens. 


The organizers of this year's 10-race 
Corvette Challenge showroom stock 
series have devised a procedure that 


has so inhibited the covert tweakers, | 
the series is turning out to be a genu- | 


ine test of the skills of drivers piloting 
identical cars. "During qualifying, we 


usually see the top twenty cars com- 
ing in within one second of each oth- 
er," says John Powell, producer of the 
series. 

Chevrolet built a batch of sealed 
dyno-matched engines for the 50 Cor- 
vettes racing in the series, along with 


| the gearboxes and differentials, to 


prevent tampering. To keep things 
honest, pre-race technical inspections 
include hooking each car up to Gener- 
al Motors CAMS diagnostic equip- 


ment [^Microchip Mechanic," July | 


'87] for a detailed look at performance 
of the engine and its computer-con- 


trolled management system. In all, 64 | 


functions are checked. At the race 


held in late July at the Meadowlands 
in New Jersey, the CAMS equipment 
flagged an illegal electronic engine 
control chip, and the racer was barred 
from the rest of the series. 


Sometimes race officials put data | 


recorders in cars to monitor their per- | 


formance during the event—like the 
black boxes used in airliners. Real- 
time radio telemetry equipment is 


| also used. “We want the cars to be 


equalin every way," says Todd Hamil- 
ton, assistant manager of GM's CAMS 
program. "We're not only looking for 


| cars that are too powerful. We're also | 
trying to help the drivers iron out | 


technical problems, such as an inter- 
mittent electrical malfunction, that 
can be robbing an engine of its full 
output." 

Corvette engineers are also paying 
close attention to the data pouring out 
of the racing cars, which differ only 
slightly from production Corvettes. 
For them, the race series is an acceler- 
ated test that can result in production 
changes for street Corvettes. 


PHOTO BY STUART BROWN 
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~ gas furnace by York. i 


Cozy, draft-free comfort. Clean, filtered air. Rugged 
is i at an affordable price. Gas-fired 
economy in the most efficient furnace York has ever 
made. A lot to feel good about. But hold on. There's 
more to the Stellar PLUS high efficiency furnace. 

A Lifetime PLUS warranty on both heat exchangers 

T for as long as you own your home. 

Twenty years ciere from date of installation 
for the second owner if you should sell your home. 
Replacement of the entire furnace if either heat 
exchanger fails during the first two years (excluding 
labor). 
A low-cost Comfort Assurance Plan covering 
parts and labor for a full five years. 


See your dealer for details. You'll find him extremely 
helpful. And you'll find him in the Yellow Pages. 
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York Stellar PLUS 


High Efficiency Furnace. YO cd IK 


York makes you feel good inside. 


For comfort you can 


Gas. America's best energy value. ' afford, choose gas— 


© 1988 American Gas Association Americas favorite wey to hea 


Draft detector 


It’s 20 degrees F outside, the wind is 
howling, and you've had it with your 
drafty house. But how to determine 
which areas need work and how leaky 
your house actually is? With AIMS 
(for Air Infiltration Measurement 
Service) you can find out. 

Developed by independent scientists 


FOR YOU | 
WHO WANT 
THE 


and refined at Brookhaven National 
Laboratory, AIMS is administered by 
the National Association of Home 
Builders National Research Center. 
To use it, put an “emitter” and “re- 
ceiver’ at least six feet apart and sev- 
eral feet from an outside wall—on a 
bookcase, say, or a picture frame. Re- 
move the receiver’s cap and the test 
begins. It lasts from about two weeks 
to a month. “Then drop the emitter 
and receiver in the mail with infor- 
mation on test length, weather condi- 


BEST. 


Precision workmanship in every detail. Perfectly mated jaws 
and cutters. Fine, high polish finish. CHANNELLOCK BLUE 
plastic comfort grips. Quality that will give you top performance 


year after year. CHANNELLOCK. 


© 1988 CHANNELLOCK, INC. * Meadville, PA 16335 © Send for free catalog 
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PHOTO BY GREG SHARKO 


Home draft test kit: Tiny AIMS “emit- 
ter” (left) and “receiver” are all you 
need to conduct an air-infiltration test. 


tions, and other test-affecting factors, 
and we do the analysis,” says Larry 
Zarker, AIMS program manager. 
How does it work? The emitter re- 
leases a harmless, colorless, odorless 
perfluorocarbon gas. The receiver, with 
an activated charcoal-like substance, 
adsorbs the gas molecules that pass 
through the area. Air infiltration re- 
duces the amount of adsorbed gas. 
At the lab the receiver is analyzed 
to see how much gas it collected. A 
computer evaluates the data, and you 


| get a report that gives the average air- 


infiltration rate in air changes per 
hour, or ACH. (A measure of one ACH 
means the house’s entire volume of air 
changes every hour.) 

Emitters are available with three 
perfluorocarbon gases, so you can test 
up to three areas simultaneously. 
Zarker says you'll usually need one 
pair of tubes per 500 square feet of 
floor space. To learn which areas of 
the house most need tightening, “You 


| might break it down to a basement 


zone, first-floor zone, and second-floor 
zone," he adds. If you find that your 
house is too drafty and locate the prob- 
lem zones, you can go to work with 
caulk and weatherstripping. 

Unlike AIMS, other gas-tracer tests 
provide information for a test period 
of only several hours, and the results 
are valid just for the weather condi- 
tions during that timé, says Zarker. 
They may also cost three times as 
much, he adds. And blower-door tests 
pinpoint leaks through pressuriza- 
tion, but don't gauge long-term per- 
formance, he says. 

AIMS is $50 per receiver. NAHB, 
400 Prince Georges Center Blvd., 
Upper Marlboro, Md. 20772-8731. 
—Mariette DiChristina 


Advertisement 


Save Gas, Save Engine with ‘POLY’ 


GUARANTEED LOWEST PRICE (SEE DETAILS BELOW) 


The following introduces one of 
the most fully tested and creden- 
tialed gas saving, friction reduc- 
ing engine treatments ever to reach 
the market! 

WHAT IS POLY? "Poly" isshort for 
polytetrafluoroethylene (TFE). It is the 
slipperiest substance known to man 
(1981 Guiness Book of World Re- 
cords, p. 188). The PetroLon Corpo- 
ration, makers of Slick 50, has inven- 
ted a way to permanently bind this 
slippery chemical to your engine with 
one treatment. All you do is add one 
quart of Slick 50 to your oil during oil 
and filter change. By reducing engine 
friction, Slick 50 increases gas mileage 
and horsepower and reduces engine 
operating temperature thus causing 
your oil and engine to last longer. Just 
as important, it reduces metal wear, 
defraying costly overhauls. 

HOW DO I KNOW THIS ISN'T A 
FRAUD? Slick 50 has some very im- 
pressive credentials. The "Consumers 
Digest" magazine (March/April 1982, 
p. 35) states "Slick 50 does reduce en- 
gine heat and ordinary wear. and our 
informal tests indicate that it will im- 
prove gas mileage by about two or 
three miles pergallon.... Slick 50 does 
exactly what Petrolon claims it does." 
Researchers at a nationally respected 
research laboratory, after applying 
a powerful ultrasonic cleaning pro- 
cess to a Slick 50 treated engine part, 
were surprised at its permanence. They 
stated, "Weactually expected the Petro- 
Lon Slick 50 TFE Resin coating to also 
be removed, but later found it was still 
there." 

The Federal Aviation Adminis- 
tration has fully accepted a similar 
product- Slick 50 Aircraft Treatment 
(F.A.R. *33.49). An FAA test simulating 
1400 hours of engine use showed 
almost zero engine wear ! 

TUV, a German testing laboratory 
with credentials every bit as presti- 
gious as our Underwriters Laboratories, 
tested Slick 50 in 1986. They found 
substantial increases in both gas mile- 
age and horsepower. Their tests showed 
that these gains were due to a reduc- 
tion in friction. 

Atest doneat the San Diego State 
University revealed that, "Slick 50 does 
increase horsepower and decreases 
fuel consumption in tests done at the 
university.” The Space Shuttle Colum- 
bia uses the chemical "poly" in its 
gears and bearings because it is the 
only chemical lubricant which can 
withstand the heat and corrosive ele- 
ments of space. 

Perhaps the most dramatic of all isa 
torture-test overseen by the Automo- 
tive Services Council for Pennsyl- 
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vania and shown on television station 
WTVE. Three cars with between 75,000 
and 129,000 miles on them were treated 
with Slick 50, Six months later the oil 
was drained from each vehicle and the 
cars were driven without the oil plugs 
for about a half hour. The water tem- 
perature never rose and the engines 
sustained no apparent damage. 

HOW DO YOU TREAT AN EN- 
GINE? Very simply. Just before oil and 
filter change, add engine flush (sent 
free with each order) to clean out your 
engine. Let your engine idle for 5 min- 
utes. Then drain your oil, change filter 
and add the proper amount of oil less 
one quart. Add one quart Slick 50, 
drive for 30 minutes, and leave it in the 
crankcase for 3,000 miles. Add two 
quarts for engines with oil capacities 
of seven quarts or more. 

Slick 50 gives a permanent coat- 
img soyou need to treat only once, not 
each time you change oil. Slick 50 is 
also excellent for turbocharged engines, 
aluminum block engines and rotary 
engines. 

WILL IT WORK WITH MOST OIL? 
Yes, Slick 50 will work with all petro- 
leum based oils and all synthetics com- 
patable with petroleum based oils. 

WHAT ARE THE BENEFITS OF 
SLICK 50? Your actual benefits in 
percentages may vary, depending on 
the kind of driving you do, vehicle 
condition, etc. By reducing friction, 
Slick 50 does all of the following: it 
increases gas mileage. It increases 
horsepower -- small economy cars 
and large RV's really need this. It 
makes for easier starting (important 


in cold weather). It reduces operat- 
ing temperatures, thus increasing 
the lubrication and life of your oil and 
your engine. Since lubricating lead is 
being removed from gas and unleaded 
gas is poor in lubricating qualities, the 
extra lubrication of Slick 50 on 
valve stems and guides is very valu- 
able. Last, but not least, the drastic 
reduction in engine wear can delay 
costly overhauls which can in fact 
cost well over $1,000. Slick 50 elimi- 
nates the "lubrication starvation" that 
all cars experience when first started 
before the oil has a chance to circu- 
late. Up to 90% of the wear on a car can 
be caused by this lubrication starva- 
tion. You receive all of these benefits 
for less than the cost of two tanks 
of gas ($39.95). 

WILL SLICK 50 HARM MY EN- 
GINE OR AFFECT MY WARRANTY? 
No! Slick 50 is suspended in an excel- 
lent grade of petroleum oil which meets 
or exceeds every manufacturers en- 
gine warranty requirements. In addi- 
tion, this oil carries an API (American 
Petroleum Institute) service classifi- 
cation SF-CC-CD. 

DEALERSHIPS ARE AVAILABLE. 

OTHER SLICK 50 PRODUCTS 
available are Gear Treatment (manual 
transmission, etc., 2-Cycle Engine 
Treatment, Grease, Fuel Conditioner, 
and Fabric Protector. Free information 
is sent upon request. 

EASY TOLL FREE NUMBER. Since 
Slick 50 is “too too Slick" for engine 
friction, our toll free number is 1-800- 
22-SLICK (that is, 1-800-227-5425). 

Free engine flush sent with each 
order. Free shipping with orders 
of 2 or more. 

For purchase or further informa- 
tion call toll free 1-800-22-SLICK, 
(in Colorado, call 1-303-772-4797) 
orsend to: FORT MORGAN SLICK 
50, 407 Del Rio Road, Berthoud, 
Colorado 80513. 

GUARANTEED LOWEST PRICE ! 
If at time of purchase you have seen 
Slick 50 advertised in a current maga- 
zine at a lower price, we will beat that 
price by $2.00 per quart. 
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Youre looking at one of the 
most important advances in home 
dental care since the invention of the 
toothbrush. 

The Interplak? Home Plaque 
Removal Instrument. 

After using it just once, your 
mouth will feel fresher and cleaner 
than it ever did with ordinary brushing. 

The Interplak instrument 
cleans teeth nearly plaque-free. 

Its a scientific fact that if the 
plaque on your teeth isnt removed 
daily, it can lead to early gum disease 
and tooth decay. Clinical studies show 
that manual brushing removes only 


some of the plaque build-up. But those 


same studies prove that the Interplak 
instrument cleans teeth nearly plaque- 
free, and reduces gingivitis to improve 
the health of your gums. 
Light years beyond 
the ordinary toothbrush. 


Manual and electric toothbrushes 


only clean up and down. Or back and 
forth. But the Interplak instrument 
cleans circles around them both, with 


== | a patented 
| ' . design thats 


— Astroke of 


genius. 


M o3 Ds. of bristles 

between teeth and under tbe guns — TOtate 4200 
times a minute, reversing their direc- 
tion 46 times a second to literally 
scour away plaque and stimulate 
your gums. 

When the tufts reverse direction, 
the bristles extend fully, to clean deep 
between teeth and under your gum- 
line, with a cleaning action thats 
unsurpassed. And because the bristles 


High technology has 
ally conquere 


between your teeth. 


em z d 
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espace 


are four times softer than the softest 
toothbrush, theyre no more abrasive 
than manual brushing with toothpaste. 
New wisdom in caring 
for your teeth. 

Dental professionals across the 
country have endorsed the benefits of 
the Interplak instrument. And they ve 
recommended it to their patients. 

Its easy to use, cordless, and 
it recharges itself every time you place 
it back in its stand. You can also buy 
interchangeable brush heads for the 
whole family. 

Ask your own dentist about 
the benefits. Or for more informa- 
tion, and a retailer 3 
near you, call toll-free 3 
1-800-544-3536, — 
and ask for Oper- 
ator 115. 

The Interplak A 
Home Plaque Re- a 
moval Instrument. 
The high tech an- 
swer to a down 
to earth need. 
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HOME PLAQUE REMOVAL 


INSTRUMENT 


Interplak is Acceptable as an effective cleaning device 
for use as part of a program for good oral hygiene to sup- 
plement the regular professional care P = 
required for good oral health. 

;ouncil on Dental Materials, Instru- 


ments and Equipment, American 
Dental Association. 


Interplak® is the registered trademark of the Dental Research Corporation 
©Dental Research Corporation, 1988. 


_ it. Relax. Enjoy yourself. Let the sights and sounds of the newest 
electronic gear for 1989 entertain you. Listen as digital bits of data 
effortlessly flow from the recording studio to your home to create 
unsurpassed audio reproduction. Watch as double-resolution TVs that 
you can buy now reproduce entirely new sources of video programming, such 
as CD+Graphics and CDV. Or participate in an interactive TV system that lets 
you decide the outcome of the show. There’s lots more, including an expanded 
edition of “What’s New Electronics,” in this special section.—The editors 
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Sony AV Laser 


wont play. 


© 1988 Sony Corporation of America. Sony, AV Laser, MDP Multi Disc Player and The One and Only are trademarks of Sony. CD-3 is a trade 
1388 RIAA. Frisbee is a trademark of Whamo. Whitney Houston disc provided courtesy of Pioneer Artists. All other discs used with permis 


When your family is done flipping 
the old Frisbee? theres something 
else they'll flip over. The new Sony 
AV Laser." Its ability to play multiple 
size discs presents your family with 
an extravaganza of entertainment 
possibilities. Movies, CD concerts, 
rock videos, educational discs— you 
name it, and your family has found 
the perfect home for it in the new 
sony AV Laser player. 

The 12" Laserdisc. Putting a whole 
new spin on movies and shows. 


Great movies are sailing your way 
on the 12" laserdisc. And not just a 
few. A whole sky full of 'em. Spaghetti 
westerns. Romances. Comedies. 
War flicks. Horror movies. And youll 
have more fun watching them than 
ever before. Thanks to a razor sharp 
picture with up to 425 lines of 
resolution. Plus digital audio sound. 

And choosing a movie is almost as 
much fun as watching one. Because 
there are over 2100 titles available. 
Most of which you can get for under 
$40. Plus new releases that are even 
more affordable. In fact, they'll usually 
cost even less than the same movies 
on videocassette. 

But youll be seeing more 
than movies. View the 

CD VIDEO worlds greatest paintings, 


Catch a couple of free movies, 


CDs, and a Frisbee. 

Right now, when you buy a Sony AV 
Laser, we'll send you free two big movie 
hits on 12" laserdisc. "Moonstruck" from 
MGM/UA. And “Beetlejuice” from 
Warner Home Video. Plus a free Frisbee. 
When you buy a Sony AV Laser player 
(which combines a great video system 


operas and concerts from your easy 
chair. Or enjoy educational shows 
that let you and the kids visit wild 
animals in their natural habitat with- 
out leaving the comfort of your own. 


The 8" Laserdisc. A big 
entertainer in a smaller size. 


Naturally the 8" disc doesnt run 
quite as long as the 12" disc, but its 
packed with all the quality you 
appreciated in the larger one. The 
8" will also turn your head with up to 
425 hnes of razor sharp resolution. 
And again, digital audio sound. All 
of which makes family entertainment 
more entertaining than ever. 


The CDV Its 5" of fun for everyone. 


Even mom and dad may want to 
get in on the excitement spun out by 
these CDVs. They offer a generous 
helping of CD music followed by a 
rock video thatll amaze any age. 
Dazzling light shows and all kinds of 
fantastic video effects will really get 
your place jumping. 


The CD. The ears have it. 


CDs have proved to be the | 
most dramatic audio advance | 
in decades. With this in mind, 
we made sure our AV Laser 
wouldnt just revolve around 
video discs, but compact 
discs as well. When you play one on 


with a superior CD player) we'll 
also offer you 5 CDs for the 
price of one. For more details, 
see your participating Sony 
dealer. This offer is good 

only from September 1, 1988 
through January 31, 1989. 

So catch it while you can. 


ipe M: merely 


h 
LEONARD BERNSTEIN 


Multi Disc Player 
| players. Thanks to such 

brilliant features as 4X oversampling, 

16 bit filters, and dual D/A converters. 
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the AV Laser, youll enjoy 
all the sound quality you d 
find on one of our best CD 


The CD-3." The latest hit for the 

latest hits. 

Remember how much fun you had 
listening to 45s as a kid. Now your 
kids can have the same kind of fun 
with the new CD-3s. Each disc is only 
3", but its packed with 20 minutes of 
todays hottest music. Another big hit 
is sure to be the modest price. 

5o considering all the varied 
entertainment thats available to you, it 
only makes sense to have a Sony AV 
Laser. And to find out just how enter- 
taining it can be, call 201-930-7669. 

Of course, once you own one, if 
theres something you like, you can 
just play it. 

And if it won't play just toss it. 


P” 165G FRISBEE "NEED 


By LEN FELDMAN 
Photos by John B. Carnett 


| n March 1987 Stevie Wonder and 
Quincy Jones were hard at work 
in a Los Angeles recording stu- 
dio. With the producer looking 
on, Wonder leaned toward the mi- 
crophone and played a few bars from 
his anti-drug song, "Stop, Dont Pass 
Go" 
On the opposite coast, in another 
studio, producer Nile Rogers listened 


! carefully to the music. No clarity had 


been sacrificed in the transcontinen- 
tal trip. In fact, Rogers could hear the 
reeds clicking in Wonder's harmonica. 

“We were attempting to do the first 
live simultaneous digital satellite re- 
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cording session,” remembers Ben Riz- 
zi, the owner and technical wizard of 
Master Sound Astoria in Astoria, N.Y., 
where Rogers was stationed. “While 
satellite hookups aren't new, particu- 
larly in television, this session was dif- 
ferent. What made it unique was that 
we were sending pure digital audio to 
California, and they were sending 
pure digital audio back here.” 
Touring Rizzi's studio, I learned that 
almost every phase of a modern re- 


STUDIO TO YOU— 
DIGITAL SOUND 


Compact discs brought digital technology into the 
home, but they were just the beginning. Now audio 
signals can travel almost all the way from the stu- 
dio to your speakers in digital form. Here's how 
they make the journey, and why they arrive intact. 


cording session relies upon digital, 
rather than analog, technology. Add 
that to the digital revolution in our 
homes, and it's now possible for almost 
every step between the singer's micro- 
phone and your speakers to be han- 
dled by digital equipment. So what? 

Because digital information doesn't 
change as it's passed from one ma- 
chine to another, music can be edited 
and mixed any number of times with 
no loss of quality And music that's 
made digitally can travel all the way 
to your home in digital form—not only 
on compact discs, but also via digital 
audio tape, digital satellite transmis- 


LE. | F 
a he m 
- 
mo m i x 
a I$ à L 


i 


B Ens. 


RSS f TUM 


Hy. 


Sound engineer Ben Rizzi uses remote stations to control multi-track digital tape recorders (rear) that are isolated. 


sions, and eventually, cable networks 
transmitting digital music. 

All this digital maneuvering has 
one purpose: to ensure that what you 
hear is as close to the original sound 
as possible. Here's how digital music 
makes the trip. 


No generation gap 


In a typical pop- or rock-music re- 
cording session, microphones pick up 
multiple channels of sound (see draw- 
ing). The music is usually in analog 
form, although some instruments pro- 
duce digital signals directly, using a 
MIDI, Musical Instrument Digital In- 


terface. A console translates the ana- 
log signals into the zeros and ones that 
make up the digital language, and 
they're taped by a multi-track digital 
tape recorder. Usually, the recording 
is then edited and mixed many times 
before a final version is taped. 

“In the days of analog technology,” 
says Rizzi, “when we used to have to 
go to fourth- or even fifth-generation 
dubs of tapes during mix downs and 
editing, each rerecording added some 
noise and distortion. Now, no matter 
how many generations we make of an 
original recording, the quality remains 
the same as it was on that first multi- 


channel digital tape. All we are trans- 
ferring are zeros and ones, and so long 
as they can be read correctly during 
playback, there’s absolutely no loss of 
sound quality.” 

Digital techniques also make it easy 
to create all kinds of sound effects 
and store them for later use. Rizzi 
showed me how engineers use a digi- 
tal work station (see photo)—consist- 
ing of a computer linked to a larger 
mainframe computer, a synthesizer 
keyboard, and a cathode-ray-tube 
monitor—to manufacture and manip- 
ulate sounds. “None of this would have 
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been possible with analog recording," 
Rizzi told me. “We would still be cut- 
ting and splicing tape with a razor 
blade and adhesive tape." 

New digital equipment made it pos- 
sible to piece together the Stevie Won- 
der recording session in digital form, 
even though the musicians and pro- 
ducers were separated by thousands 
of miles. “Music being recorded in the 
New York studio was converted to dig- 
ital audio,” says Rizzi. “It was then 
sent via a fiber-optic hookup to a sat- 
ellite dish in Staten Island.” From 
there it was beamed to a satellite and 
then to a Los Angeles studio, where 
it was converted back to analog audio 
so that the musicians on the West 
Coast could hear it. 

“Because the signal recorded in Los 
Angeles had to cross the continent, the 
master tape had to be delayed 520 mil- 
liseconds,” Rizzi says. “Digital equip- 


ment made it easy to adjust for that 
offset, so that we could lock the two 
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Digital signals don’t change when they move from one piece 
of equipment to another, so engineers try to keep signals 
in a digital form for as long as possible. In the studio, engi- 
neers use digital equipment to record, edit, and mix sounds. 
The information is transferred to a compact disc (CD) or 
digital audio tape (DAT), or it’s broadcast to your home by 
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SURROUND-SOUND DECODER 


PERSONAL COMPUTER 


THATS 


signals together in time.” Combining 
the signals in digital form also pre- 
served the sound quality. “We could 
hear Stevie breathing,” says Rizzi. 


In your home 


Until recently many audio experts 
felt that the electronic hardware used 
to reproduce music (preamplifiers, 
amplifiers, tuners, record players, and 
even loudspeakers) had just about 
reached perfection, and that it was the 
program sources (records, tapes, and 
FM radio broadcasts) that needed im- 
provement. Now that digital program 
sources like CDs and future DATs have 
begun to replace analog sources, the 
situation has been reversed. The hard- 
ware needs replacing—with new dig- 


MULTI-TRACK DIGITAL 
TAPE RECORDER 


DIGITAL CONSOLE 
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DAT DECK 


HOME SATELLITE 
DISH ANTENNA 


DIGITAL EDITOR: |. 
WORK STATION 


METAL STAMPING DISC 


ital versions that keep those zeros and 
ones for as long as possible before con- 
verting them back into the analog 
signals required to drive the loud- 
speakers. That means the system of 
the future must include a digital pre- 
amplifier and a digital power amplifier, 
or if you prefer, a digital receiver. But 
the future isn't far away—some equip- 
ment is available now. 

The trend toward digital hi-fi began 
a couple of years ago when companies 
began using digital components in 
surround-sound processors. These de- 
vices read specially encoded sound 
tracks on prerecorded movie tapes and 
reproduce the sound to make you feel 
as if you're in the middle of the ac- 
tion (the sound moves left to right and 
front to back). 

Decoding surround-sound movies 
requires that some sounds be played 
behind the listener about 20 millisec- 
onds after they're heard on the front 
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satellite. Soon cable TV systems might also deliver digital 
programs. Digital home electronics (CD players, DAT decks, 
tuners, amplifiers, preamplifiers, and surround-sound de- 
coders equipped with digital connectors) process the data, 
which are finally converted back to an analog signal and 
sent to your loudspeakers or headphones. 


a1 Ka Band is the new 
ÍK 4 police radar frequency 
now in use. And only the new | 
BEL radar detectors are able 
to detect Ka Band. 


Facts You Should Know 

The Federal Communications Commission 
has approved Ka Band for police radar use. 
And now, many localities in the U.S. and 
Canada are using Ka Band Photo Radar. But 
` the use of Ka Band isn't limited to picture- 
taking radar equipment. Standard police 
radar units can also utilize Ka Band. And as 
more states quietly introduce Ka Band radar, 
drivers with only X and K Band radar 


detectors are left defenseless. Unless they're 
driving with the new VECTOR 3. 


VECTOR 3 comes with everything you see here. 


No Quick Fix 
Your existing X/K Band radar detector 
can't be adapted to receive Ka Band signals. 
For the level of protection VECTOR 3 offers 
you have to look to the technology leader. 
The first in the industry with 3 Band 
technology: BEL-TRONICS. 
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VECTOR 3 measures only 4.66" L x 319” W x 1095"H. 


Greater Detection Range 

VECTOR 3 detects X, K, and Ka Band 
radar. And that's significant. But there's 
more, it's called Image Rejection Tech- 
nology (IRT®). BEL engineers have incorpo- 
rated this technology into VECTOR 3. The 
result is incredible performance and greater 
detection range of all police radar. 


VECTOR 3 Knows 


VECTOR 3 is a "smart" travel compan- 
ion. It warns you when X, K, or Ka Band 
radar is present with separate audible and 
visual alerts. It also provides a special audio 
alert when the radar signal transmitted is 
Pulsed or Instant On. And for added protec- 
tion, VECTOR 3 is programmed to advise 


VECTOR 3 Remote 
The advanced technology and perfor- 
mance advantage of the VECTOR 3 is also 
available in a remote design for only 
$299.95. VECTOR 3 Remote utilizes a 


compact antenna for easy ""under-the-hood"' 
installation. And a very small control panel 


for discreet positioning in any vehicle. 


MUGE, 


you should its radar detection circuits ever 
require adjustment. With VECTOR 3, you'll 
never question whether radar is present. 


At Your Service 

VECTOR 3 was designed to make early 
detection of police radar easy and conve- 
nient. You can own the new VECTOR 3 
today for only $279.95. Just call toll-free to 
order. UPS delivery is FREE. Or ask about 
our Federal Express overnight service. If not 
completely satisfied, simply return the unit 
within 30 days for a full refund (factory 
direct only). VECTOR 3 comes with a full 1 
year warranty on parts and service. 


dau 1-800-341-1401 U.S.A. 
1-800-268-3994 Canada 


EU 


BEE 


BEL-TRONICS LIMITED 
The Intelligent Choice 


Registered trademark of BEL-TRONICS LIMITED 
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Compact control -— 
is only 3.5"L x 2.5"W x .67"H. 
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speakers. It's easy to do that digital- 
ly —by temporarily storing the digi- 
tal zeros and ones in a memory. And 
because those same zeros and ones 
are reproduced 20 milliseconds later, 
"the delayed signal is much cleaner 
than from decoders that don't use dig- 
ital circuitry," says Mark Gilbert, se- 
nior development engineer for Shure 
Brothers' HTS division, makers of dig- 
ital surround-sound processors. 

Some preamplifiers and amplifiers 
also perform digital tricks, and their 
successors will be capable of true dig- 
ital signal processing. During a re- 
cent visit to Japan, I spent a day 
with Mitsubishi audio engineers. 'They 
showed me a preamplifier and ampli- 
fier that look identical to other com- 
ponents I've tested over the years, ex- 
cept they are equipped with coaxial 
and optical digital input connectors (in 
addition to the standard input jacks). 
Why? 

Normally, digital signals in a CD 


player must be converted to analog for 


connection to an analog preamplifier. 
That conversion adds noise and dis- 
tortion to the signal. But if you own a 


IHE NEW 
OLYMPUS INFINITY 
SUPERZOOM. 


11 53) 


REVOLUTIONARY, 


THIS IS THE ONLY 
SIDE-BY-SIDE 
COMPARISON 


CD player that has a digital output 
(many do), it can be connected directly 
to Mitsubishi’s new preamplifier 
without making the conversion. “Only 
after all signal processing has been 
accomplished do we convert the audio 
signal back into analog for the loud- 
speakers,” Utsumi, manager of the 
audio systems department at Mitsu- 
bishi’s Kyoto Works, told me. 

How close is all of this to our living 
rooms? To find out, I went to Tokyo's 
Akihabara section. In an area no 
greater than about one square kilo- 
meter, this electronic hobbyist’s par- 
adise has more than 1,000 shops, rang- 
ing in size from tiny outdoor stands 
to seven-story electronic department 
stores. The equipment available in 
these stores hinted at the new ways 
in which digital music will be carried 
from the studio to your home. 

For example, I saw digital-audio- 
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You've never seen anything gaite like it. 
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There's never been anything 
an SLR. Not a point-and-shoot cam- a 
era. In fact, it's not even like put- 
ting the two of them together. 

The Olympus Infinity Super- 
Zoom just may have the most 
revolutionary technologies ever 


designed into a 35mm camera. Yet, 
small, so light 
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it's so 
, 50 easy to use, it can be held 
and even operated with just one hand. 
= It has the world’s first built-in, 

| autofocus 38mm to 105mm power 
zoom lens. That makes its telephoto 
capability 30% greater than any 

ber compact zoom camera, Bring- 


all toll-Prex 


tape (DAT) recorders, which have been 
sold in Japan for well over a year and 
in Europe for several months. They're 
already available for professional use 
in this country, and play-only models | 
have been installed in cars like the 
1988 Lincoln Continental. 

I also noticed that some of the the 
Akihabara shops already featured dig- 
ital input and output terminals. This 
new equipment is capable of working 
with CDs, DATs, and direct broadcast 
satellite radio (see drawing). 

But the best is yet to come. For ex- | 
ample, you may be able to record your 
own CDs. Tandy Corp. is developing 
an erasable CD it calls THOR. The 
company claims it will introduce a | 
player-recorder for about $500 within | | 
18 months [^Coming: CD Recorder,” 
July |. 

And it may not be long before you 
can tune in your favorite digital music 
station using your cable TV system. 
At least two companies, Digital Radio 
a septal (DRL) and International 
Cablecasting Technologies (ICT), plan 
to provide the first in-home digital 
audio services, offering CD-quality 
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ing your subject closer than ever before. 
Not only that, the viewfinder zooms 
too, right along with the lens. So you 
always see just what the camera is seein 
And because there's an entirely new kin 
of optical system at work here, your imc 
won't be blacked out when you press th 
shutter, something that happens every 
1-AU 433 RR. exi 
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music for 24 hours a day. 

"ICT's Digital Music Net- 
work, CD/8, has eight dif- 
ferent music channels," says 
Tom Oliver, president and 
CEO. "You'll hear high- 
quality music in a variety 
of formats for a modest 
monthly fee." The CD/8 net- 


work will also provide the 
ultimate CD preview oppor- 


tunity. Listen to a few sec- 
onds of a sound to decide 
whether you want it. "It's 
perfect for listeners inter- 
ested in building their com- 
pact-disc libraries," says 
Oliver. 

ICT plans to transmit 
the CD data using one or 
more unoccupied TV chan- 
nels. First the digital data 
will be compressed, then 
beamed to a satellite like 


any video signal that's to be locally 
distributed via cable. In your home the 
signal is decoded by a Digital Music 
(DM) tuner and sent to your amplifier. 
pro- 


ICT will begin leasing tuners, 


ime with an SLR. 
What's more, this auto-everything won- 
er comes with the smallest, most versatile, 
ultimode zoom flash ever available. 

But that's not all. There's our exclusive 
tozooming dual portrait mode, spot me- 
ring, double exposure; you can shoot 
ntinuous action sequences and even use 


atch the ¢ My Mpus "World of Pha tography” 


Digital work station allows recording engineers to mix and 
edit tracks in digital form at the studio. 


duced by € 


$200.) 


special effect filters, all with the built-in, 
extended range zoom lens. 

And for al iT this sophistication, you don't 
need an engineering degree. All you need 
to be able to do is push a few buttons. 

Side by side, no other camera, compact 
or otherwise, can compare itself to the 
incredible Infinity SuperZoom. Of course, 


oon A&E Cable TV, every Saturday, 10:30 A.M. ET 


Cogito Systems Taiwan, to 
subscribers later this year. (DRL will 
sell its tuners for between $150 and 


In addition to the eight channels of 


CD music, “ICT’s transmis- 
sion service will also deliver 
other entertainment op- 
tions,’ says Oliver. For ex- 
ample, the company is plan- 
ning a special pay-per-event 
channel that lets consumers 
listen to concerts and digi- 
tal sound simulcasts. “The 
DM tuner has the capability 
of accessing up to sixty-four 
more channels for future ap- 
plications,” says Oliver. Like 
what? “It might be used to 
transmit data—information 
and programming—to a per- 
personal computer.’ Now 
that’s a hi-fi system. 


The limiting factor 


While it’s clear that the 
digital revolution is about 
to take over audio too, engi- 
neers like Rizzi point out 
that there is still more to do. "There's 
now a new weak link in the audio 
chain,” he tells me. Then a smile 
creeps across his face. “It’s the analog 
human ears.” Gs] 


you can reach that same conclusion when 
you visit your Oly mpus dealer and see it 
for y ourself. Face to face. 


OLYMPUS 


Focused on people 


oping to catch a “Gilligan's 
Island” rerun, | strolled 
up to a television monitor 
on display at the most re- 
cent Consumer Electronics 
Show. I saw what could have been a 
jungle, but the figure romping in the 
grass bore a closer resemblance to Pac 
Man than to any of the shipwrecked | 
characters I'd expected to see. And 
what I saw seemed to be subtitled: 
"Big and I’m bad, and I want you 
to know/I hang around where the grass 
is greener/Totally naked, baby, totally 
nude/'Cause if I want to, who's gonna 
stop me?" | 
Before I had time to alert the Moral 
Majority, I realized that the words and 
images on the screen matched what I 
was hearing from a pair of nearby 
speakers—a song from Talking Heads 


Continued 


A special box connects your present CD player 
to your TV. Result: Pictures and lyrics accom- 
pany the music. It's called CD-- Graphics, and 
it adds nothing to the price of a disc. 

the CD that also contains data 


By DAWN STOVER telling electronic instruments 


WERE — io B0 how to play a synthesized 
RR, v version of the song. 


On-screen graphics accompany 
this compact disc recording of "La 
Bamba." The graphics are en- 
coded on a special portion of 
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CONNECT YOUR COMPUTER TOA 


CompuServe’s reference 
databases make you more 
productive, competitive, 
and better informed. 
Remember the last time you tried to 
get your hands on hard-to-ünd facts? In 
a magazine article you read a year ago. 
In a news report you never saw. Or in à 
table of data you didn't know existed. 


Imagine those facts just a few 
keystrokes away on your personal 
computer. Through CompuServe. 


Your personal research center. 
Save hours of research by going 


straight to the reference information 
you need in seconds. 


Access thousands of sources of 
information in the areas of business, 
finance, medicine, education, 
demographics, science, law, news, 
popular entertainment, and sports. 


What you know can help you. 


Research an industry or company 
through articles, financial statements, 
and other sources. Analyze an 
investment. Assist in a job search. 
Follow market competition. Investigate 
a business opportunity. 

Check characteristics such as age, 


HIGHER INTELLIGENCE. 


income, and occupation in any US. 
community. For a geography report, 
a business plan, or a family move. 


All you need to access CompusServe's 
unlimited world of information ts a 
modem and just about any personal 
computer. Visit your computer dealer 
today. To order direct, or for more 
information, call or write: 


CompuServe" 


Information Services, PO. Box 20212 

5000 Arlington Centre Blvd, Columbus, OH 43220 
In Ohio and Canada, call 614 457-0802 

An HAA Block Company 


| larger chunk of audio data. 


| tunes, reading the lyrics off a 


| latest album, Naked. It's the first com- 


pact disc released in the United States 
that has been encoded with graphics 
information. 

But there's more. Soon you may be 
able to use information encoded on 
CDs to manipulate the music— play- 
ing it back through electronic instru- 
ments while changing the key or 
tempo or dropping out the guitar 
track so that you can play along. Nei- 
ther these musical data nor the graph- 
ics information interferes with the 
main audio portion of a compact disc. 
Rather, they're encoded onto special 


| channels of a CD called subcodes. 


| mainly to satisfy the Japanese 


When Philips and Sony pub- 
lished the world standard for 
CDs in 1984, they specified that 
95 percent of the disc would be 
used for sound— recordings up 
to 74 minutes long. The re- 
maining space was reserved for 
surplus data called subcodes. 
In each CD "frame" of music 
(t takes one second to scan 
7,350 frames), a few bits of 
subcode data follow the much 


The subcodes were set aside 
passion for karaoke bars, where 


patrons pick up microphones 
and sing along with popular 


TV screen, says Stan Cornyn, 


| president of Warner New Media (Bur- 


bank, Calif), a company created to 
explore new ways of using CDs. The 
Japanese graphics usually include a 
“bouncing ball" that helps the ama- 
teur entertainers follow the music. 
The graphics can't compete with 
film or video, of course. The subcodes 
hold only enough information to cre- 
ate one screen about every seven 


| seconds, so the transitions between 


pictures are slow. And although thou- 
sands of colors are available, only 16 
can be used at one time. 
CD+Graphics occupies up to 16 
channels of data. “Ideally, you could 
fill each channel with data for the en- 
tire length of the CD,” says Linda 
Rich, a producer and visuals consul- 
tant at Warner. “However, that would 


. slow down the data rate, and the lyr- 
| ics wouldn't be able to keep pace with 


23 


the music,” she explains. Warner 
recommends using only four or five 
channels at once. On a typical disc a 
background channel provides a mood- 
setting picture, and the viewer chooses 
among other channels that can be su- 
perimposed on the background. A 
channel might display: 
e Subtitles for a movie. 
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€ The song lyrics in the perform- 
er's native language. 

€ A translation of lyrics, perhaps 
for an opera. 

9 A picture history of the singer's 
life and career. 

€ Visual interpretations of music. 

€ Chords or guitar fingerings. 

€ Music or language instruction. 

Listening to a song by Anita Baker, 


These graphics look primitive in comparison with film 
and video images, but they add a new dimension to 
Devo's 3-in. CD single without raising its price. 


I was able to switch from English to 
Japanese lyrics, while bright red roses 
and ribbons scrolled by in the back- 
ground. On another disc, a recording 
of animal sounds, I saw pictures of en- 
dangered species. 

It costs about $5,000 to encode a CD 
with basic graphics—a background de- 
sign, lyrics in one language, and about 
20 digitized photographs or images. 
With more pictures and text, the price 
goes up to about $10,000. 

The musicians or record label deter- 


mines the overall look of the graphics, ’ 


which are designed by graphics ar- 
tists using a computer paint system. 
The encoded information is sent to 
the CD pressing plant on floppy disks 
and is made into a digital tape, 
which is mixed with the studio tape. 
The result: an audio-visual master 
tape that's used to make a master disc. 

Warner expects to produce about 25 
titles by the end of the year, Cornyn 
says. Because the subcode data are 
relatively inexpensive to create, the 
CD-4 Graphics that are already on the 
market don't cost any more than CDs 
without graphics. 

Graphics work with other formats 
too. Warner borrowed a Devo song for 


a three-inch CD with graphics. The 
company also made a demonstration 
CD-Video, adding graphics during the 
20 minutes of audio that follow a five- 
minute video clip. 

How do you play the new discs? 
Manufacturers, such as JVC, Pioneer, 
Sharp, Denon, and Mitsubishi, have 
announced plans to produce decoders 
that connect CD players to TV sets. 
The JVC decoder, which will be avail- 
able by Christmas, costs about $400. 
"To use it, your CD player must have 
a digital output," says Walt Klappert, 
head of technology for Warner. “Pre- 
1987 CD players equipped with so- | 
called ‘subcode out’ ports | 
usually don’t work with the 
new decoders.” Eventually, 
hardware makers will develop 
disc players with built-in de- 
coders. J VC plans to begin sel- 
ling one next year. 

Examining JVC’s decoder, 
the VS-G11, I saw two but- 
tons—marked “Graphics” and 
“MIDI.” MIDI—Musical In- 
strument Digital Interface— 
allows electronic instruments 
made by different companies to 
“talk” to each other in a stan- 
dardized language. And as soon 
as Philips and Sony approve a 
CD+MIDI standard, these in- 
struments will also be able 
to “understand” some compact 
discs—discs with subcode channels 
with information about how to play an 
electronic rendition of a recording. 

Producers will have to decide how 
to allocate subcode space. One disc | 
that I saw used half of the space for | 
graphics, half for MIDI. It was a sing- 
along version of "La Bamba” in En- 
glish and Spanish, with little Mexican | 
rugs appearing over the syllables to | 
be sung. These simple graphics left 
room for the MIDI data needed to 
drive a small ensemble of instruments. 

Using CD-« MIDI you'll eventually 
be able to interact with someone else's 
performance. A box that looks like an 
equalizer will have sliders to let you 
control the 16 MIDI channels, bring- 
ing some sounds up and others down. 
You'll be able to make your own. 
arrangements. And, if you have a com- 
puter program like Coda Music Soft- 
ware's Finale, you'll even be able to | 
print your own sheet music. 

But all of this 1s just the beginning. 
"There's a lot of extra room on a CD," 
says Cornyn. “We want to use that | 
space to add value. New technologies, 
no matter how promising, need con- 
tent that will surprise and delight the 
public.” | B 


*Mobile antenna and portable adapter extra. **Radio Shack revolving credit. Payment 
may vary depending upon account balance. Prices apply at participating Radio Shack 
stores and dealers. 


Transportable Cellular Phone 
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Use in your car, 
or go portable and 
carry it with you. 


Radio Shack's CT-201 
puts the whole world 
in your hand! 


A Full-Featured Mobile Phone for Only 
$999, Now you can make and take calls 
from your car, truck or van. You can stay 
in touch while going to and from work, on 
a service call or making a delivery. You'll 
be able to confirm meetings and appoint- 
ments in advance, and receive messages 
from home and office. 


The CT-201 Can Go Where You Go! 
Just snap on the Portable Adapter Pack 
and you can easily use the CT- 201 aya 
from your vehicle. T 
Carry it with you to 
make calls at a job 
site, in a rental car, 
aboard a pleasure 
boat— wherever 
there's cellular ser- 
vice. The 3-watt out- 
put is five times the 
power of many other 
portables for maxi- 
mum range and clear sound. The CT-201 
also features 832-channel capacity. 


Turn the CT-201 into a Portable for 
Only $159.80. You'll get the Portable 
Adapter Pack (17-203), rechargeable bat- 
teries (23-181), and AC Charger (17-202). 


Quality Service and Support. The 
CT-201 is backed by a One-Year Limited 
Warranty and service is available at Radio 
Shack stores and dealers nationwide. 


Come In Today for a No-Cost, No- 
Obligation Demonstration. Whether for 
business, family or personal use, the CT- 
201 (17-1005) is an excellent investment 
at only $999* or $50 per month**. 
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Joy 1 Giving the Very Best 

Remember those few times when you 
came up with the perfect gift? The recipient 
was so overwhelmed he kept asking how you 

That's the effect Passport and Escort 
have on drivers, because drivers know what 
the experts say about radar detectors. 

Car and Driver has tested radar detec- 
tors six times in the last ten years, and we've 


come out on top each time. In 1987 they 


even called us "the leader of the radar detec- 
tor industry.’ And Road & Track has rated 
us “the leader in detector technology.’ 

For the driver on your list, no other 
_ gift is as sure to please. 
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Overwhelm you 
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Five reasons this season fc 
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j2 The Exclusive Source 

We designed Passport and Escort, we 
make them in our factory in Cincinnati, and 
we sell directly to you. Not through stores. 

Our direct connection to you assures 
fast response on orders, on questions, and on 
repairs. We take care of everything. 

As a gift giver, you benefit even more. It 
will be obvious you cared enough to seek out 
the exclusive source. And there's no chance 
the recipient will see Passport and Escort 
in the after-Christmas clearances. 


All ears 


Start up the Tandy 1000 
TL personal computer... 
and talk to it. The $1,300 
PC has audio capability 
that lets you record, edit, 
and save your voice on a 
disk. The basic unit 
has 640-kilobytes of 
memory, five expan- 
sion slots, and one 
3.5-inch, 720-kilobyte 
floppy disk drive. 

—Cheryl M. Fiorillo 


v2 Incredibly Easy Sh opping 

Just call us toll-free (1-800-543-1 
You'll avoid traffic jams, parking hassles, ps 
crowds, and long lines. 

Instead you'll find a friendly radar exper 
who can answer any questions you may have. 
Just pick up the phone. 

Order before 5:00 PM eastern time Mon- 
- day through Friday and we'll ship your packag: 
the same day. A gift box is available at no 
na extra charge, and we pay for 
f——* B delivery by UPS. (If you re 

v ned ime in a hurry, see Joy #4, 


EE 1-800-543-1605 


Info on the go 


News flashes run across the NEC 
PGR9000, the first nationwide alpha- 
numeric display pager. The 2,200- 
character memory holds up to 40 mes- 
sages. NEC America, Mobile Radio 
Div., 4910 W. Rosecrans Ave., Haw- 
thorne, Calif. 90250.—Joanna Engle 
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BOATE 


ivorite driver 


cort and Passport 


+ 

4 You Can Have It Tomorrow 
We know that sometimes the holidavs 

| sneak up, and waiting even a few days for 

UPS truck is waiting too long. But here's 


solution: 
Through a special arrangement with 


leral Express we can offer their overnight 
ivery for only $10 extra. Just call us anytime 
ore 8:00 PM and your package will arrive 


next day (except Sundays). 

If vou re a last-minute 
pper, vou ve come to 
right place. 


Overnight delivery M 
Federal Express is only $10 


* i 
w3 Satisfaction Guaranteed 
Here's the best jov of all: Passport and 
Escort are guaranteed to please. Quite simply, 
if for any reason vou re not satisfied within 
the first 30 davs, just return vour purchase. 
We'll immediately refund all your money 
and all your shipping costs. There are no 
hidden charges. Passport and Escort are also 
covered by a full one year limited warranty. 
We've been delivering on these 
promises for over ten years. Call 
now and see how easy 
gift-giving can be. 


Gift box available 
at no extra charge 


Detachable dialer and phone light 


At the touch of a button, any one of 20 telephone numbers can be dialed on 
Yorx's desk-top phone (above left). The memory dialer is detachable and can 
be used with other phones. It's $80 from Yorx Electronics Corp. (405 Minnisink 
Rd., Totawa, N.J. 07512). For late-night phone calls there's the Telite-II (right). 
The light attaches to your phone via a modular plug connection and automat- 
ically turns on whenever the phone rings or its receiver is lifted. It's $30 from 
Effective Solutions, 14902 Preston Rd., Dallas, Texas 75240.—J. E. 
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TOLL FREE. .. 1-800-543-1608 | 
(Mon-Fri 8am-11pm, Sat-Sun 9:30-6 EST ) 


By mail send to address below. All 
orders processed immediately. Prices 
slightly higher for Canadian shipments. 


RADA 


——————À 


R*RECEIVER 
Pocket-Size Radar Protection 
$295 ( Ohio residents add $16.23 tax ) 


RADAR WARNING RECEIVER 


The Classic of Radar Warning 
$245 ( Ohio residents add $13.48 rax ) 


Cincinnati Microwave 

Department 6016N8 

One Microwave Plaza 

Cincinnati, Ohio 45249 © 1988 CMI 


Take-apart TV 


Sony’s 2.7-inch color FDL-330S Watch- 
man TV becomes a tiny color view- 
finder for your camcorder. It has three 
detachable components: LCD screen, 
battery pack, and tuner for VHF-UHF 
channel reception. Made by Sony Corp. 
of America, Sony Dr., Park Ridge, N.J. 
07656. Price is not yet set.—C. F 


^ 


_ First it was the laser disc, then the compact music disc. Last year CD video and three-inch 
CD single discs were shown. Now they're all available—including new players that can 
handle them all. Hook the new combi-players up to the stereo and TV, and you've got sharp 

moving pictures with clear digital sound. 


ou know how it is when you 
put on an old Beach Boys re- 
cord. As the first strains of 
“Surfin Safari” fill the room, 
you sit back on the couch, 
close your eyes, and a scene from Beach 
Blanket Bingo fills the black space be- 
neath your lids. Cute girls in polka- 
dot bikinis break into dance with tan 


|; muscle-bound teen surfers as a band 
| rises up from behind a sand dune. 


Guess what? You don't have to use 
your imagination any more. What's 
happening on the couch is the mental 
version of what you now get with a 
five-inch CD video—a new kind of 
disc that has video and digital music 
merged onto one platter. The better 


| news: There's a player to spin it. 


The optical-disc family has been 
growing in recent years. First came 
the original 12-inch LaserVision movie 
disc, then the digital audio compact 
disc, the 8- and 12-inch video discs 
with digital sound, and, most recently, 
three-inch CD "singles." The problem: 
Each format required a new player. 
Now, sliding in on the coattails of the 
latest optical format—the new gold- 
tinted CD with five minutes of video 
[^CD Video,” Nov. '87]—1is a player for 
them all. 

The manufacturers, including Mag- 
navox, Pioneer, Sony, and Denon, call 
them combination, or combi-, players, 
and they're targeting the pop-music 
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By NAOMI J. FREUNDLICH 
Photos by John B. Carnett 


crowd. The idea is to boost the inter- 
est in videodisc technology that began 
years ago with LaserDiscs. The pic- 
ture is sharper than with videotape, 
the digital music superbly clear, and 
the top-of-the-line models have an 
added computer memory that allows 
you to create all sorts of neat digital 
effects on the screen. But that's only 
the beginning. Future "players" will 
record too [^Erasable Optical Discs,” 
May '87], claim makers. And there's 
even a portable CDV player in the 
works. But for me, it all started in 
my living room. 


Spinning discs 


I wasn't exactly sure what this newer 
machine could do for me that my CD 
player and VCR were not already han- 
dling well. So I connected Pioneer's 
top-of-the-line CLD 3030 to my tele- 
vision and stereo, and slid a five-inch 
Moody Blues CDV into the drawer. 

“At the beginning of every CD-video 
disc there's digital information that 
tells the player what type of disc it is, 
what speed to play at, how much ma- 
terial is on the disc, and what chap- 
ter to go to," says David Birch-Jones, 
marketing manager for Philips Elec- 
tronics Co. audio and CD-video areas. 

With a five-inch CDV, the player 
first goes to the outer tracks, where 


the video is encoded as a series of pits 


[Continued on page 65] 


HIIdAVES dOd -A AOD 


XOAVNE VIN 


The laser-disc lineup is expanding its ranks. An extended- 
play 12-in. disc holds a feature-length movie, an 8-in. plat- 
ter holds a ballet, and the now familiar compact disc gives 
up to 60 min. of high-quality music. The new discs include 
3-in. CDs that hold three or four hits and the gold-colored 
CD video that provides a 5-min. video and 20 min. of digital 
audio. The larger discs can be played on any conventional 
laser videodisc player, but only the new CDV players will 
be able to take full advantage of their digital sound tracks. 
The new combi-players (above) also have analog sound sys- 
tems for compatibility with the older LaserVision discs. Most 
of the players have a digital output jack so digital data can 
be fed directly out to the new generation of digital amplifiers 
or receivers. 
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| neer taps keys on a re- 


SHARPIES:- 


New digital receivers feature memories that can store TV images 

for high-speed signal processing. Result: a new standard for sharper 

video pictures—free of noise and interference. You'll find just a few 
high-end models in stores now. But more are on the way. 


KNOXVILLE, TENN. 
remarkably 
clear, sharp 
videodisc im- 
age is frozen 
on the 27- 
inch TV screen before me 
in Philips Consumer 
Electronics Co.’s demon- 
stration room. The pic- 
ture, the face of a Japan- 
ese women, is so distinct 
it looks as if a photo 
enlargement has been 
pasted on the face of the 
picture tube. An engi- 


mote control to show spe- 
cial features of the new 
digital TV displaying this 
superb image. 

Now pictures on the 
screen split into halves— 
a unique built-in demon- 
stration feature. On the 
right side of the screen pictures from 
one local TV station appear noisy and 
coarse, with visible scan lines. The 
other half of the screen, displaying 
digitally processed images, has no vis- 
ible scan lines; it's clear, sharp, and 
noise-free. 

The set l'm watching, one of two 
Philips high-end digital models slated 
for sale this fall, can dramatically im- 
prove standard TV pictures. Other set 


, manufacturers will soon unveil sim- 


ilar models, dubbed improved-defini- 
tion television (IDTV). NEC, Pana- 
sonic, Sony, and Toshiba are among 
the firms that have already shown 
models. These digital receivers, which 
feature memories to store TV images 
and special video-enhancement cir- 
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By JOHN FREE 


First improved-definition TV set slated 
for the U.S. is demonstrated by Ron- 
ald Marsiglio, vice president of prod- 
uct management at Philips. Set features 
include a universal remote control, 
high-resolution graphics, and matrix- 
based (non-Dolby) surround sound. 


cuits, also display pic- 
tures at twice the rate of 
ordinary TVs. 
Still-sharper TV pic- 
tures, based on new 
transmission methods, 
are on the way (see box, 
Super-Sharp HDTV). 
"The Philips IDTV sys- 
tem is the first giant step 
toward the evolution of 
high-definition television 
using the existing NTSC 
television system," says 
Ronald L. Marsiglio, vice 
president of product plan- 
ning at Philips. NTSC 
(National Television Sys- 


three major world-wide 
TV systems. 


day's color TV was estab- 
lished explains the ad- 
vantage of new IDTV re- 
ceivers. In the mid-1950s, set owners 


PHOTO BY JOHN B. CARNETT 


by the hundreds of thousands already | 


enjoyed their black-and-white TV re- 


ceivers. To avoid making all those sets | 


obsolete when color broadcasts began 
in 1954, color was superimposed onto 
TV signals with the compatible NTSC 
technique: Older sets continued to 
show black-and-white pictures, while 
new color models displayed either 
monochrome or color images. 


tem Committee) is one of | 


A brief look at how to- 


But compatibility also meant a loss | 


in picture quality Here's why: Look 
at NTSC color signals on an oscillo- 
scope, and you'llsee a string of spikes 
—like teeth on a comb—that represent 
luminance (black-and-white) informa- 
tion interleaved with color signals. 

Continued 
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FX 300 


Casio solar scientific 
calculators. 

With these three calculators, 
Casio continues to give students 
and professionals the most features 
and functions for the fewest dollars. 


Lesson 1: Our FX-451M 


gives you 132 total functions, includ- 


ing binary, octal and hexadecimal 
calculations and conversions. At 
the touch of a key, it provides you 
with 13 commonly used physical 
constants like the speed of light, 


Planck's constant and atomic mass. 


It gives you 16 metric conversion 
functions too, as well as a 10 digit 
display with 10 digit mantissa plus 2 
digit exponent for greater accuracy. 


And because the fruits of your 
hard work are worth saving, we've 
added a feature called Solar Plus™. 
Not only does it let you work in 
low—or no—light situations, it keeps 
the memory functioning, even with 
the power off. 


Lesson 2: Our less expen- 
sive FX-775M also features Solar 
Plus and a 10 digit display with 10 
digit mantissa plus 2 digit exponent. 
It offers you 105 functions, includ- 
Ing statistics and computer math 
calculations, and it even calculates 
fractions. 

Both our FX-451M and 
FX-115M come with a handy, 
comprehensive application book. 


Lesson 3: Our most eco- 
nomical solar scientific, the FX-300, 
boasts 71 functions, an accurate 8 
digit display, with 6 digit mantissa 
plus 2 digit exponent. It features 
statistics, permutations, combina- 
tions and convenient engineering 
notation. 

Before you take Science 1 or 
1001, take a lesson in economics 
from Casio's FX-451M, FX-115M, 
and FX-300. You'll be amazed, not 
just by how much they can do, but 
by how little they'll do it for. 


CASIO. 


Where miracles never cease 


Casio, Inc. Consumer Products Division: 570 Mt. Pleasant Avenue, Dover, NJ 07801 
Casio Canada Ltd., 2100 Ellesmere Road, Suite 240, Scarborough, Ontario M1H3B7 


Fine details in TV pictures are pro- 
duced by higher-frequency signals 
—finer-toothed combs, in effect. Cir- 
cuits in all color receivers are sup- 
| posed to separate these two signals. 
But because color and luminance for 
picture details are so close together, 
the signals are easily scrambled. They 
often appear on your screen where 
they shouldn't. 

You've probably noticed striped 
shirts or fence posts on TV, for exam- 
ple, that oscillate with weird color pat- 
| terns. Or look closely at strong well- 
defined color areas, such as lettering, 
. and you'll see a dot pattern that seems 
to crawl along the edges. Such inter- 
ference, called cross color and cross lu- 
minance, ruins image details. It also 
produces small movement—unrealis- 


tic “business”—over the entire picture. 

To reduce the problem, set design- 
ers have often used filter circuits that 
block the offending higher frequencies 
—and fine picture details too. In the 
late '70s set makers began using so- 
called comb-filter circuits [^Hi-Fi Color 
Pictures," Aug. '78]. These help in sep- 
arating color and luminance. But with 
today's best sets, interference inher- 
ent in signals is still visible. 

Now there's a better way to un- 
scramble TV signals: digital chips that 
process TV in special ways. In Phil- 


Standard TVs display 525-line pictures, called 
frames, every V30 second. To prevent flickering 
images, half of each frame (262.5 lines) is 
scanned in Yeo second, and the second half 
of the picture is scanned between these lines 
in the next Yeo second. These interlaced im- 
ages, called fields, merge into one picture 
frame because they occur so quickly. The 
screen photo directly above shows a ’eo-second 
field, and the drawing shows how the second 
field (dashed lines) is interlaced to create a 
picture frame. 

Improved-definition television (IDTV) pro- 
vides a 525-line picture in Veo second— double 
the line rate of conventional TVs, as shown on 
screen, top photo. To generate the extra lines, 
two Philips IDTV receivers use a 2.5-megabit 
digital memory that stores a TV field, another 
|. memory that stores a single scan line, and a 
special filter. Drawings on the right show how 
one picture element, labeled D, is generated 
for one of these extra lines. To calculate the 
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color and brightness at D, the filter selects 
a middle value, using point A from the previous 
field in the field memory, point B above it from 
line memory, and point C from the current 
field. The extra lines and lines from the cur- 
rent field are then progressively scanned in Yeo 
second from the top to the bottom of the 
screen—not interlaced as in standard sets. 
Philips claims a 40 percent improvement in 
vertical resolution because its non-interlaced 
scanning avoids the line reduction inherent 
in interlaced TVs due to the experimentally 
derived Kell factor. For interlaced TVs, the Kell 
factor trims the vertical resolution from about 
480 lines to about 340. In addition, the pro- 
gressive scanning minimizes other visual prob- 
lems with interlaced TV. These include so- 
called vertical aliasing—a wavelike cluttering 
pattern; interline flicker—an irritating flash 
along the horizontal borders of objects; and 
line crawl—a false upward or downward mowe- 
ment on the screen as your eyes and brain 


ips' engineering lab here, Sai Naim- 
pally, manager of high-end product de- 
velopment, ushered me into a storage 
area and removed the rear cover from 
a prototype 31-inch set, Philips’ sec- 
ond IDTV model. 

I expected to see a maze of digital 
circuit boards. But the cabinet, other | 
than the picture tube, appeared nearly 
empty. Virtually all the set's complex- 
ity has been compressed onto silicon 
chips. "We have custom-made gate ar- 
rays to do most of the signal process- 
ing," he said, pointing to a stamp-size 
64-pin chip on a small circuit board. 

Naimpally showed me a string of 10 
memory integrated circuits (ICs), each 
capable of storing 256,000 on-or-off | 
bits of digital information. These 

Continued 


IDTV IMAGE PROCESSING AND MOTION DETECTION 
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lock onto pairs of interlaced scanning lines. 

Storing picture fields has other benefits: By 
electronically subtracting data from each line 
in the field memory from data on an adjacent 
line in the current field (point A from C, for 
example), motion can be detected. Because 
the data are Yeo second apart, increasing dif- — 
ferences indicates motion is occurring. That's 
important because Philips filters out abrupt 
changes in this subtracted data, which rep- 
resent noise. When motion occurs, noise re- 
duction is gradually reduced to prevent severe 
picture smearing that would otherwise occur. 
Smearing develops because motion makes in- 
formation on adjacent lines grossly different 
from field to field. 

In addition, the field noise filter also acts 
as an elaborate comb filter, which improves 
the separation of brightness and color signals. | 
Superior comb filtering minimizes the inter- | 
ference between color and brightness signals 
that appears on conventional sets.—J. F. 


Anyone Can Buy Top Notch Audio. Now You Can Build It. 


With Heath's new build-them-yourself stereo See Heath Company's wide assortment of 
components, you create your own sound system. innovative electronic products in our 108-page 

Specially designed for Heath by industry leader Heathkit Catalog. For your FREE copy, mail the 
Harman Kardon, our new stereo line exceeds the coupon below or call 24 hours a day TOLL-FREE: 
standards of even the most discerning audiophile. 
And because most of the components come in kit E 
form, you experience firsthand how electronic 1-800-44-HEATH (1-800-444-3284) 
craftmanship results in premium hi-fi performance. 

Build the power amplifier, preamplifier and | MM an kiana ac a imma 


Yes, send me a FREE Heathkit Catalog. 
Send to: Heath Company, Dept. 016-714 


stereo tuner. Prewired and pretested circuit boards 
and minimal soldering mean each component takes 


| 
| 
only a few evenings to build. | Benton Harbor, Michigan 49022 
And, your success is guaranteed. Our precise, | 
step-by-step manuals are industry-recognized, and | Name —— 
our technical assistance team is just a phone call i 
away. | CO Oo ee 
To complete your sound system, add the remote | city 
control compact disk player, cassette deck and any of i 
our fine speakers and headphones. Maj. ——————— UN 


es Heath Company Em 


CL-800A A Su bsidiary of Zenith Electronics Corporation | 


memory chips, the heart of Philips’ 


IDTV sets, process some 2.5 million 
bits of data—just enough to store one 
TV field, or 262.5 scan lines. The 
memory helps double the number of 
lines for IDTV non-interlaced (progres- 


sively scanned) displays, reduces pic- 


ture noise and interference, and pro- 
vides various picture-in-picture (PIP) 
options. 

Back in the TV showroom, Naimpal- 
ly pointed a 49-button remote control 
at the 27-inch IDTV and pushed keys 
labeled “advance” and "status." “Con- 
sumers can do this at home to show 
their friends," he said, as the digital 
TV again began demonstrating its fea- 


| tures: A program stored on a memory 


|. 160 million sets in U.S. homes do not be- 


chip in the set made it display nine 
local channels at once, using two sep- 
arate tuners; then the program insets 
one or three pictures into the main 
image (it's the viewer's choice). 


Volume versus costs 


While digital ICs that create PIP 
features aren't new [^Super-TVs," July, 
'85], they're still costly for set mak- 
ers. "These are not intrinsically ex- 
pensive technologies," Naimpally ex- 
plained, referring to the digital ICs 
and double-sided printed-circuit (PC) 


SUPER-SHARP HDTV: 
WHO'S GOT THE WINNER? 


You've just figured out how to put your new 
IDTV through its paces. Will still-newer high- 
definition TVs come along and make it obso- 
lete? (HDTV offers at least twice the resolution 
vertically and horizontally of standard TV.) 
Not if numerous engineering committees, 
trade associations, set manufacturers, and per- 
haps the Federal Communications Commis- 
sion have their way. HDTV, most believe, 
should evolve from standard TV so that up to 


board Philips uses. "They're expensive 
in television today because they're for- 
eign to TV," he said. "In the computer 
field, for example, double-sided PC 
boards are used in high volume, and 
the prices are lower.” Digital technol- 
ogy contributes to a $1,500 suggested 
price on Philips' 27-inch set, $2,600 
for the 31-incher. 

A week later, at Sony Corp. of Amer- 
ica's video showroom in Park Ridge, 
N.J., I saw a slightly different ap- 
proach to IDTV. Sony plans to intro- 
duce its 27-inch set next spring. (It 
will cost an estimated $3,000 to 
$3,500.) But instead of building in 
flashy PIP features, Sony is initially 
offering PIP functions in a non-IDTV 
model. ^We concentrate on enhanced 
picture quality for IDTV,” said prod- 
uct planning manager Yoshito Shirai- 
shi as he fed identical videodisc im- 
ages into both types of sets. 

Many scenes appeared nearly iden- 
tical on the high-end PIP model and 
the IDTV set. Only by freezing video- 


come obsolete. In the 1990s, when HDTV ar- 
rives, you could continue to watch standard 
broadcasts on your IDTV or conventional set. 
HDTV sets would receive the same broadcasts 
you watch, plus another signal transmitted 
over an additional channel. Circuits in the 
HDTV receivers would blend the two chan- 
nels into super-sharp wide-screen images. 

A variety of these dual-channel HDTV sys- 
tems is being tested or nearing completion 
for tests. The David Sarnoff Research Center 
in Princeton, N.J., recently unveiled its two- 
channel ACTV II high-definition system. Ear- 
lier it had demonstrated a simulation of its 


William Glenn contrasts standard TV (left) with a wide-screen high-definition 


display. An HDTV system he helped design uses two standard TV channels. 
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disc frames and comparing images on | 


both sets could I spot added detail on 
the IDTV screen. But the advantage 
of IDTV became more dramatic in 
scenes that contained broad areas of 
fine detail. On the standard set these 
areas blurred with horrible interfer- 
ence, while these details remained 
crisp and clear on the IDTV. 

Most important, none of the scenes 
displayed any blurring because of the 
motion-adaptive circuits in Sony’s 
IDTV. Such circuits are necessary with 
IDTV because picture fields are stored 
and delayed momentarily (see box, 


IDTV Image Processing and Motion | 


Detection). On Philips’ set I noticed 
some image blurring when its noise- 
reduction circuit was set at maximum. 
Philips gives you two settings so you 
can select full noise reduction with 
some image blurring, or accept more 
picture noise with almost no blurring. 

As I left Sony’s showroom, Shiraishi 
switched on several new standard rear- 
projection TVs. “As the screen size be- 
comes larger and larger,” he said, “you 
see the shortcomings in conventional 
TV.” Perhaps forecasting what's com- 
ing next, he said: "If we put this IDTV 
technology into projection TV, there's 
a great advantage." 


advanced-compatible TV (ACTV-I), a wide- 
screen single-channel system that's sharper 
than standard TV but carries less picture de- 
tail than the high-definition ACTV-II (“Picture 
Perfect," June]. Philips Laboratories had dem- 
onstrated an early version of HDTV that needed 
only half an extra TV channel. Philips is now 
refining techniques for supplying broadcast 
stations, cable-TV head ends, and direct- 
broadcast satellite users with special HDTV 
signals. Also, William E. Glenn, former re- 
search director of CBS Laboratories and now 
with the New York Institute of Technology, has 
been demonstrating an HDTV system devel- 
oped by a NYIT team he heads. The NYIT sys- 
tem needs one extra TV channel. Glenn's team 
used professional HDTV gear, such as Sony 
wide-screen monitors, to help develop its com- 
patible encoding system. (Sony's HDTV is used 
commercially to make movies and ads, but the 
Japanese-developed signal encoding is not 
compatible with NTSC.) 

With a wide range of HDTV systems under 
development, U.S. TV broadcasters are push- 
ing for an FCC-approved standard. Otherwise, 
many fear that Japanese-produced HDTV tech- 
nology, introduced on videodiscs and tape, 
cable TV, or beamed from satellites, could be- 
come a de facto standard and lead to foreign 
domination of this new industry. Complicat- 
ing HDTV development still further are so- 
called enhanced- or extended-definition sys- 
tems, such as ACTV-I. These compatible sin- 
gle-channel techniques might provide enough 
picture improvement for most viewers and hin- 
der HDTV marketing.—4J. F. 
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200-Channel Scanner 


32995 ^ 


200-Channel Programmable Scanner. Hear news as it 
happens— police and fire calls, planes, rail, Ham radio 
and more. Our best-ever hand-held scanner provides 
instant access to over 32,000 frequencies, including new 
800 MHz band. Low as $17 monthly x. 220-135, 329.95 


Electronic Compass. The flux-gate circuit, used in jet 
airliners, actually measures the earth's magnetic field 
and gives you a super-accurate direction display. For 
dash or windshield mounting. 63-641, only 49.95 


Solder Anywhere. Our new gas-powered iron provides 
up to 60 minutes of soldering and refills in seconds with 
low-cost butane lighter fuel. 264-2160, only 29.95 


Universal Remote Control. Replaces up to eight sepa- 
rate remotes and it's incredibly versatile. Use the multi- 
step memory to perform complex operations with one 
keystroke. Use the five built-in timers to automate your 
entire entertainment system. #15-1901, only 99.95 


Audionic FM Walkie-Talkies. There's no mike boom or 
headset—you can communicate even while wearing a 
bike helmet or hardhat. Comfortable earphone also acts 
as a noise-cancelling mike. Hands-free VOX operation. 
Up to '/a-mile range. #21-404, Pair 89.95 


Exciting New Electronics 
from The Technology Store’ 


Electronic 
Compass 


4995 


Automatic Power Controller 4995 


Universal Remote 
Control 


9995 
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AC Power Controller/Protector. Allows one compo- 
nent, such as a VCR, to switch up to four other devices. 
Use with a remote-control component to switch on/off 
your entire audio/video system. One unswitched and four 
auto-switched outlets. Heavy-duty spike protector helps 
prevent equipment damage from power-line surges. 
Built-in noise filter, circuit breaker. 61-2781, only 49.95 


Radio Shack 


The Technology Store" 


A DIVISION OF TANDY CORPORATION 


| Send for FREE Radio Shack Catalog 
Mail to: Radio Shack, Department 89-A-434, 


| 

| 

| 300 One Tandy Center, Fort Worth, TX 76102 | 
| NAME | 
ADDRESS = | 

| CITY STATE ZIP | 


Prices apply at participating Radio Shack stores and dealers. «Radio Shack ValuePlus* revolving 
credit. Actual payment may vary depending upon account balance. 


Dont like the end of a detective movie? Change it. Good at 
game shows? Play one. Can't see a particular dancer in the 
chorus line? Change your viewing angle. You can do all these 
and more with new interactive TV systems that let you bea 
director. Television of the future? No. It's starting now. 


By MARK FLEISCHMANN 


Photos by John B. Carnett 


ou push a video cassette into 
the VCR and move into your 
easy chair, but you never re- 
lax. You're suddenly put to a 
test—to solve a murder mys- 


_tery—and the ending is never the 


same as the last time you watched. 
Sound like an idea to put Johnny Car- 
son to sleep? Think again. The name 
of the video cassette is "Clue'—an elec- 


 tronic version of the Parker Brothers’ 


board game—and it has become a best 
seller. 

While new forms of video entertain- 
ment have dramatically changed what 
we watch on TV, even newer interac- 
tive programming could soon change 
the way we watch it. Cassettes, video- 
discs, and cable networks are now de- 
livering TV shows that make you a 
participant, not just a viewer. Be a 
contestant on a game show. Solve a 
mystery. Or pretend you're a director 


| choosing the next scene to shoot. 


The idea and the potential for profit 
are so compelling that even companies 
such as Kodak are entering the fray ... 


. but warily. Years ago, Sears developed 


| an interactive videodisc containing an 


electronic version of the company's 
catalog that lets you choose products 


| and see them in use. It did not do well. 


———— 
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But a lot has changed since then. Disc 
players are no longer a rarity, and in- 
teractive cassettes have been devel- 
oped to play on VCRs, which now 
straddle TVs in more than 50 per- 
cent of American homes. 

Will interactive TV finally catch 
on? There's only one way to form an 
opinion—you have to try it. 


Dance feverish 


"The moment you give anyone a 
hand-held controller, he uses it a lot," 
says Dr. Michael Freeman, president 
of ACTV, an interactive TV production 
company in New York. I'm seated in 
a chair in front of a Mitsubishi big- 
screen TV, and Freeman hands me a 
remote control. 

He slides a special video cassette 
into a machine and presses the play 
button. The screen flickers. In a mo- 
ment I see the title of something called 
“The Dance Connection,” a futuristic 
dance show. Freeman steps back to 
watch my response. Music starts and 
a roomful of teen-agers appear on 
screen. Not surprisingly, they dance. 
But what happens next would make 
Dick Clark envious. 

I point the remote control at the 
screen and press a button. The scene 
changes instantly. Now I see the danc- 
ers from the opposite end of the floor. 
The same people, the same music, but 


my point of view is completely differ- 
ent. I press it again... and I’m watch- 
ing from one side. I touch the button 
once more. This time I see a close-up 
of one dancer. One more time and I’m 
back to where I started. 

Fascinating? Only to a “Soul Train” 
viewer. But it’s a good demonstration 
of interactive TV at work. Each change 
of camera angle is instantaneous and 
seamless. The VCR doesn't switch to 
a scan mode; the image doesn't blink, 
even for a split second. "The system 
responds as if the show were made for 
you," says Freeman. 

To do it, more than one version of 
“The Dance Connection" is recorded 
—each shot from a different camera 
location—and up to two versions are 
placed in the same bandwidth that a 
single picture usually occupies. 

"The Dance Connection" is one of 
150 shows produced by ACTV for ex- 
periments to be conducted this Janu- 
ary or February by Groupe Videtron, 
a French Canadian cable firm, over 
cable systems in Montreal and in 
three undisclosed American cities. 
Programs to be tried include "Exercise 
Chalet," in which you get to choose a 
beginner or advanced workout, as well 
as quiz shows, self-help programs, 
“kidvid,” a science program, and even 
an electronic version of strip poker. 

In addition to ACTV, several other 
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Fun or education? Michael Freeman of ACTV demonstrates interactive television for a little bit of both. 


firms are trying new approaches to 
cable interactivity. For instance, the 
Interactive Game Network in Menlo 
Park, Calif., plans to test a system 
next year in which viewers would use 
a lap-top computer to communicate via 
a second cable channel and compete 
for game-show prizes. The first tough 
question: Will viewers be willing to 


spend up to $400 for the computer? 
Your telephone 1s the communica- 
tions link in Telaction, a home-shop- 
ping service developed by JCPenney 
Co. and Cableshare Inc. of London, 
Ontario. It's being tested in 10 Chi- 
cago suburban communities served by 
Jones Intercable and Post-Newsweek 
Cable. You tune in the shopping chan- 


nel and call the cable company's com- 
puter, which then directs a frame- 
storage unit to display certain mer- 
chandise on your screen. 

TV Answer, being tested on the Me- 
dia General Cable system in Fairfax 
County, Va., takes a different approach: 
radio. TV Answer offers a variety of 


[Continued on page 66] 
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This two-inch-thick flat-panel 
CRT takes up far less space 
than ordinary picture tubes. 
Ruggedness and low power 
consumption make it a can- 
didate for portable computers, 
aircraft cockpit displays, and 
even picture-frame TVs. 


PLATE-GLASS 


SCREEN — 


' PHOSPHOR COATING 


ELECTRON MULTIPLIER 


ELECTRON GUN 
| LINE DEFLECTOR PLATES (X AXIS) 


FRAME DEFLECTOR 
> PLATES (Y AXIS) 
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MIRROR ELECTRODE 


Electron gun atop the CRT box directs a beam downward 
into a U-shaped mirror electrode. A pair of deflector plates 
for the horizontal X axis sweeps the beam sideways along 
the mirror electrode, which reflects it back upwards. The 
reflected beam passes over an array of horizontal strips, 
the Y-axis frame-deflector plates. Voltages sequenced to 
these strips deflect the beam 90° toward the faceplate. Be- 
fore striking the phosphor coating, the low-velocity beam 
is intensified 1,000 times by an electron multiplier, a stack 
of high-voltage plates etched with barrel-shaped holes. The 
final energy boost produces a bright picture on the phos- 
phor coating. One of the prototype panels is above. 
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By DAVID SCOTT 
Drawing by Brenda Booth 


ur concept is a radical departure from tradi- 
tional cathode-ray tube [CRT] design,” said 
Dr. Walter Jacobs, of the MEL Display Sys- 
tems Group in Scotland. The breakthrough 
in flat-screen technology is two inches thick, 
needs little power to sweep an electron beam back and 
forth across the screen, and is housed in a steel case. 

Those features make the flat-CRT concept useful where 
portability and ruggedness are important. Future versions 
could serve as hang-on-the-wall TVs. 

MEL, a division of Philips Electronics, says its new CRT 
doesn't have the disadvantages of liquid-crystal, solid-state 
electroluminescent, plasma, and light-emitting-diode dis- 
plays. These devices have one or more drawbacks: slow 
response, low resolution, poor contrast, no color, or the 
need for external illumination. And ordinary bulky pyr- 
amid-shaped CRTs require lots of heat-producing power. 

Jacobs explained why the flat monochrome tube has a 
special advantage: "The gun is placed vertically at the 
center of the box, shooting the electron beam downward, 
he said. “A sequence of electrodes sweeps the beam side- 
ways, then upward, and finally forward onto the glass 
screen, where it traces the video image." 

These scanning movements are made with low power 
applied to the beam. This simplifies steering the electrons 
within the slim CRT and allows fast response to video sig- 
nals to deliver high resolution. 

Before striking the screen phosphor, the beam passes 
through a high-voltage electron multiplier. “Only now does 
the beam get a mighty energy boost," Jacobs told me. 
“Separation of the two beam functions, faster scanning 
[sweeping the beam] and light generation, is what makes 
the new shape possible— with the same shallow depth re- 
gardless of screen size.” This cuts power consumption 80 
percent over ordinary CRTs. 

Military applications—combat aircraft, tanks, even por- 
table terminals for infantry—are coming first. Phillips has 
also investigated, but not yet fully developed, a color ver- 
sion suitable for picture-frame TVs in homes. 


UP TO 30 FEET 


CALCULATES 


ADDS, MULTIPLIES 
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Eggsact sound 


The Coherent Audio Monitors have an 
egg-shaped tweeter that swivels on top 
of the cabinet. Why? According to the 


company, it provides you with an ad- that measure up to 6 Mix 
justable sweet listening spot. Prices 60, 150 ond 250 feet. aL 


| Also available in models 


are $300 to $500 a pair from Ohm NOTHING MEASURES UP TO IT 
| Acoustics (241 Taaffe Pl., Brooklyn, 


N.Y. 11205).—J. E. 


Tiny TV 
Digital audio tape deck It's a four-inch-color-TV cube with an 


alarm clock, and the first TV to use 
When DATs hit store shelves, Teac will be ready with Esoteric. The recorder Sony's Indextron, a picture tube with 
lets you make a nearly perfect reproduction of original material. Then, using internal stripes that glow. The elec- | 
its 38-key wireless remote control, play it back any way: direct search, cue- tronics use the glow to create perfect 
review, music skip, two-way repeat, or blank search. No price is set yet by focus and color fidelity, claims Sony. 
Teac Corp. of America (7733 Telegraph Rd., Montebello, Calif. 90640).—C. F A price is not yet set. —C. F 
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Three projection TVs—41-, 46-, and 52-inch models with 700-, 550-, and 450-foot 
lamberts respectively—have improved brightness, contrast, and resolution over 
previous designs. The TVs come with a remote control and have picture-in- 
picture, on-screen menu displays, and a 10-watt-per-channel surround-sound 
system. Prices: $3,000 to $4,000 from Philips Consumer Electronics Co., 1-40 
and Straw Plains Pike, Box 14810, Knoxville, Tenn. 37914.—C. E 


Video editor 


Designed for use with two editing VCRs, 
the ProEd desk-top video editing system 
has assembly editing, automatic insert 
editing, full audio control, tilting, graph- 
ics and titles in 64 colors, and a wide 
range of special effects, such as fades and 
wipes. [he system operates via remote 
control or any PC-compatible computer 
keyboard; $1,000. Videonics, 1129 Dell 
Ave., Campbell, Calif. 95008.—C. F 
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Add a phone 


Telephone outlets are never where 
you need them. But with the Phonex 
adapter (one base unit and one exten- 
sion unit), you can use a phone wher- 
ever there's an electrical outlet. 
Phonex sends phone calls through 
your home's AC wiring. It also works 
with modems and answering ma- 
chines. Phonex Corp., Box D, Provo, 
Utah 84603. $125.—J. E. 


Private pleasure 


Private Waves wireless headphones 
use RF transmissions so you can lis- 
ten to your TV or hi-fi anywhere in 
your home (75-foot range). The price 
for privacy: $100. Made by Datawave, 
Inc., 19611 Ventura Blvd., Tarzana, 
Calif. 91356. —J. E. 


The everything machine 


on the disc surface. The pits make up 
a numerical representation — like a de- 
tailed paint-by-numbers kit—of the 
signal; but unlike a CD, it’s not digi- 
tal. The pits represent an FM analog 
signal that is comprised of the video, 
the analog sound track, and the digi- 
tal sound track. 

The reason for this non-digital sig- 
nal? Digital video would require a 
phenomenal amount of information. 
“A truly digital videodisc would need 
to be about six feet across,” adds Birch- 
Jones. Even with the FM signal, the 
CDV turntable must speed up more 
than five times the audio-only rate to 
read all the vid- 
eo information. 

A drawback 
to the five-inch 
CDV isthat only 
five minutes of 
video can be put 
on the disc. 
"There are two 
ways of fitting 
more video on 
the disc," says 
Michael Ellis, a 
researcher at 
Digital Disc 
Corp., a com- 
pany that man- 
ufactures the 
new CDVs. “You 
could use a da- 
ta compression 
technique dur- 
ing the record- 
ing process, or 
use a new tech- 
nique for turn- 
ing this analog 
signal to digital 
that requires 
less space on 
the disc.” He 
adds that these m 
techniques are 
at present in 
development. 

But experts 


around bends. 


agree that until RM —— 


[Continued from page 52] 
tion, strobe effects, still frames with 
audio, and digital mosaic effects. 

Without the eight-bit memory, spe- 
cial effects are not possible with long- 
playing CDV discs—those that typi- 
cally store one hour of playback per 
side. These discs store more because 
they have two tracks per revolution, 
but picture quality deteriorates when 
you try to freeze a frame. “The eight- 
bit memory is basically like having 
another TV inside the player,” says Mi- 
chael Fidler, vice president of market- 
ing at Pioneer Electronics. “It will 
capture and freeze a full-frame picture 
for you digitally.” 


UltraStylish. UltraSmall. 
UltraSensitive. 


The sleek Cobra Trapshooter Ultra 
packs the forefront of technol- 
ogy into the palm of your hand. 

Its three warning systems 
alert you by voice ("be careful, 
slow down”), melody or tone. 

3 anti-falsing systems 
filter out unwanted sig- 
nals. Separate indi- 
cators for "X" and “K” 
bands, and extra sen- 
sitive “PULSE” detec- 
tion. Both sound and 
LED meter indicate 
signal strength.. 
even over hills and 


Ó Cobre 
DYNASCAN CORPORATION 
For dealer location call 1-800-COBRA 22. 


TV resolution is 

increased, in the form of high-defini- 
tion television, digital video is not 
worth the effort. “CDV is designed to 
take best advantage of the existing TV 
format," says Birch-Jones. 

Digital or not, with over 400 lines 
of resolution on the combi-players, the 
quality of the picture I saw was good, 
even on my low-cost 13-incher. And the 
digital audio was top quality. 

I took the remote in my hand and 
began "interacting" with my rock vi- 
deo. The Pioneer CLD 3030 and Sony's 
MDP-700 both have an eight-bit digi- 
tal memory that allows you to see all 
kinds of great special effects: slow mo- 


Even with the more basic combi- 
players, I skipped to different parts of 
the disc just by entering time or track 
coordinates, and I could instruct the 
player to repeat sections of the video. 
Some players have a jog-and-shuttle 
dial on the remote—a variable con- 
trol that lets you watch frame by frame 
or zip through the disc at high speed. 

Another feature of some of the com- 
bi-players is that if discs begin to 
warp, resolution will not degrade. 
Why? The laser is mounted on a tilt- 
servo mechanism that detects shape 
changes on the disc. The laser assem- 
bly can move from side to side as well 


BRAS 
THE STRIKING NEW GOB 


cpa doc 


as up and down to maintain a precise 
relationship with the disc. 

Now that the players are here, what 
kind of software is available? Poly- 
Gram Records, a major distributor of 
music CDVs, announced 100 titles this 
fall, available on 5-inch, 8-inch, and 
12-inch formats. These include rock, 
and on the larger discs, symphonies, 
operas and ballets. “There are more 
than two thousand laser videodisc ti- 
tles [mainly movies] already avail- 
able,” says Bob Jamieson, executive 
vice president of PolyGram. 

There are also educational CDVs. 
“We are able to put the entire 
Grolier's ency- 
clopedia on one 
side of one disc,” 
says Pioneer’s 
Fidler. “That 
contains over 
nine million 
words and twen- 
ty-one volumes. 
We have a Na- 
tional Gallery of 
Art disc, and a 
disc document- 
ing the Apollo 
missions too." 

But there are 
some obstacles 
that could hin- 
der the CDV 
player's (and 
CDV's) success. 
For one, the tar- 
get audience is 
the younger gen- 
eration, and 
combi - players 
sell for $500 to 
$1,400, depend- 
ing on the mod- 
el. The five-inch 
videodiscs will 
be about $10 a 
pop. That's go- 
ing to take more 
than a newspa- 
per route to fi- 
nance. The oth- 
er assumption 
is that rock videos are wildly pop- 
ular: MTV's financial problems could 
suggest that this isn't true. Finally, 
although the larger CDV formats carry 
movies, you can't readily find them at 
the local video rental shop. 

So what does the future hold for 
CDV? Uncertain. But Birch-Jones en- 
visions much to come, such as a por- 
table CDV player: "It would simply 
be a mini-CD player with a flat screen 
on it," he says. Fidler is more excited 
about the prospect of erasable optical 
discs for at-home recording. Then the 
CDV player would truly be compet- 
ing with the standard VCR. 
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Talking remote 


"Alarm time is six thirty a.m.," says 
Opticona's Voice Coach, the world's 
first talking remote control. But it 
says lots more. For those unfamiliar 
with setting a VCR for recording, 
Voice Coach tells you what buttons to 
push and when. And besides being 
helpful, it's also clever. For example, 
at the touch of a button, you can 
record a TV program while simulta- 
neously recording audio from a sec- 
ondary source during FM simulcast or 
stereo broadcasts. Voice Coach runs 
two Opticona model VCRs. From Sharp 
Electronics Corp., Sharp Plaza, Box 
650, Mahwah, N.J. 07430.—C. F 


Phone-home VCR 


Forgot to set your VCR for the basketball game? No problem. With Panasonic's 
PV-4826 VCR, you can call home and do the programming from any push- 
button telephone. The VCR accepts your commands after you first dial a two- 
digit access code. From Panasonic, One Panasonic Way, Secaucus, N.J. 07094. 


Price: $550.—C. E 


Azimuth accuracy 


High frequencies are lost if a cassette player's tape head becomes misaligned. 
But according to Coustic, that cant happen in its latest crop of AM-FM cas- 
sette players. The 700 series uses an auto-aligning system that shifts the tape 
head up or down for perfect azimuth alignment. There are four models from 
$190 to $315. Coustic, 4260 Charter St., Vernon, Calif. 90058.—J. E. 
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Do-it-yourself TV 

[Continued from c Gl) pm ER 
home-shopping, polling, and pay-per- 
view services to viewers who respond 
via a remote control. Responses are : 
transmitted to the cable company by 
one of three half-megahertz slots lo- 
cated between 216 and 222 megahertz 
in the frequency spectrum. The devel- 
opment group behind TV Answer is 
petitioning the FCC to permanently 
allocate one of the half-megahertz 
slots for interactive use. If approved, 
the system would be eligible for broad- 
cast applications. 


Big Bird, big money 


Despite the cable tests, the only 
proven money maker so far has been 
interactive video cassettes you play on 
your home VCR. 

On the heels of Parker Brothers' 
“Clue,” Kodak has released “Isaac 
Asimov's Robots," a $35 science-fiction 
game based on two of Asimov's nov- 
els. "There are thirty-two different so- 
lutions," says Robert Faubel, president 
of Kodak Programs. 

ACTV has begun work with View- 
Master Ideal Group for a $120 system 
that uses your VCR to play educa- 
tional tapes targeted at children. The 
$19-to-$24 tapes are being developed 
by ACTV, Jim Henson, and Disney. 
"Big Bird will ask the child if he can 
read," says Freeman. "If the child re- 
sponds with ‘no,’ Big Bird reads the 
story to him." 

And proponents of videodiscs have 
not given up. For example, a disc called 
"Frame Up 14 Contre 1," by Imedia 
International, lets you play the part 
of a boy who is accidentally locked into 
a department store. To make his es- 
cape, he must cope with locked doors, 
cleaners, thieves, and security guards. 

A more serious venture, the "Tar- 
get Interactive Program," sponsored by 
the National Federation of State High 
School Associations, uses the disc to 
show children the consequences of 
negative behavior (drinking, smoking, 
skipping school). 

And for the future, the next wave 
of disc-based interactivity is expected 
to hinge on the five-inch compact disc, 
for which Sony, Philips, and Mattel are 
known to be developing systems. 

Will all this become TV of the fu- 
ture? Nobody knows, including those 
involved. Says Wendell Bailey, vice 
president for science and technology 
at the National Cable Television As- 
sociation, "Acceptance varies from peo- 
ple loving it to outright hostility... 
and for no particular reason we can 
figure out." 

But others, like ACTV's Freeman, 
are undaunted. "Well never replace 
Bill Cosby-type television," he 
says, "but soon TV will end its pas- 
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Complete package with an IBM-PC* compatible 


computer x the software plus the printer plus a desk 


for only.. 


Here is what you get: 


* PC-compatible computer 
* Monitor 


* Printer (160 CPS speed) 


* Home office desk 

* "Ready to Go!” software 
package 

* Mouse 


Sinclair? Professional Series 
computers offer a complete 
home office system at an 
unbeatable price. This complete 
package is simple to use. The 
mouse and software will have 
beginners working on the 
computer in minutes! The 
Sinclair? home office is just the 
thing you've been waiting for... 
If you're waited to buy a PC- 
compatible because they were 
incomplete or too expensive, 
your wait is over. 


To place 
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Here are some of the features: 


* 512K memory (8 MHz speed, 
8086 processor) 

* 3 slots for later card expansion 

* Mouse included 

* Microsoft DOS V. 3.2 software 

* Parallel and serial ports 

e Clock/ calendar / Alarm 


This software is included: 


* GEM Desktop software with point 
and click "windows" 

* GEM Paint drawing software 

* Locomotive Basic II software 

* “Ready to Go!” software kit from 
Learning Technologies 

* Word processor software 

* Spreadsheet software planner 

* Database software planner 

* Banner-maker software 

* Game and utility software 

* 10-pack of diskettes with software 
demos 
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"eim (214) 247-4908 


SINCLAIR 
HOME 
COMPUTER 
OFFER 
Options to consider: 
Monochrome Monitor w / dual 


CHIVES — is dx LEX SESE $899 
Monochrome Monitor w/ drive 
and 20MB HC ........ . $1,399 
Color Monitor w/single 
drive... ............... $899 
Color Monitor w / dual 

dEWes ico IX UE iis $999 


Color Monitor w/ disk 


drive and 20MB HC....51,499 


Mail checks to: 
ELECTRONIC EXPRESS 
2925 LBJ Freeway, Suite 234 
Dallas, Texas 75234 


Order line hours: 
Monday - Friday 8 a.m. - 6 p.m. 
Saturday 9 a.m. - 12 p.m. 


"Ready to Go" is a registered trademark of Learn- 
ing Technologies; MS-DOS is a registered trademark 
of Microsoft Corporation; IBM is a registered trade- 
mark of International Business Machines Corporation; 
GEM is a registered trademark of Digital Research; 
Learning Technologies is a registered trademark of 
Learning Technologies, Inc.; Basic Il is a registered 
trademark of Locomotive Software Ltd. Electronics 
Express, Inc. © 1988. 
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* No extra charge for Visa, MasterCard, or American Express. 

* We do not charge your card until your order is shipped. 

* All products carry a manufacturer's warranty. 

* Prices, terms, and availability subject to change without notice. 
* Personal and company checks will delay shipping three weeks. 
* Please inquire for shipping instructions, 
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> > From Super VHS—for the ultimate in picture video movie maker shoot like an expert. Bl From 
clarity—to HQ system circuitry, JVC’ got the a Digital Superimposer to Full Range Auto Focus 
camcorder that answers every need. to the Master Edit Control System, JVC's cam- 
After all, JVC originated the VHS format and corders always provide true-to-life picture quality. 
went on to invent the industry's most advanced And, JVC's camcorders are compatible wih 
ideas— VHS-C, HQ, Super VHS and home VHS VCRs for a complete home 


= video system. 4 4 
And JVC's complete line of camcorders Whatever your choice, choosing a 
has the features that can make the novice camcorder is as easy as JVC. 


WE'VE SEEN THE FUTURE. AND IT'S JVC. 
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Wind-shear cure? 


It was an ordinary summer day as five 
United Airlines jetliners approached 
Denver's Stapleton Airport from the 
east, distributing themselves for prop- 
erly spaced landings on two parallel 
runways. Suddenly, a new experimen- 
tal system, just installed, flashed a 
warning, which was relayed to the ap- 
proaching planes by an air-traffic con- 
troller. Within minutes all five planes 
| had broken out of the pattern and 
aborted the approach. The new system 
detected the presence of deadly wind 
shear, which could have slammed 
some of the jets into the ground as 
they attempted final approaches. 

Wind shear is a major hazard in air 
| travel. It is blamed for the 1985 Delta 
Airlines crash in Dallas that killed 
137, and for other crashes in New Or- 
leans and New" York that took a total 
of 265 lives. 

Wind shear occurs when a column of 
air, usually less than a mile in diame- 
ter, plunges out of a cloud toward the 
ground, spreading out on impact like 
upside-down mushroom. A plane 
flying through it is first given more 
lift as the speed of air flowing over its 
wings is increased. Then, as it flies out 
of the other side—in the same direc- 
tion as the air movement—effective 
airspeed drops drastically and the 
plane loses lift. If the plane is close to 
the ground just after takeoff or before 
landing, this sudden loss of lift can 
cause a crash. 

To combat wind shear, wind sensors 
were placed around some airports. 
They measure wind speed and direc- 
tion at various points and may tip off 
air-traffic controllers to developing 
wind-shear conditions. But wind 
shear can occur between the monitor- 
ing stations and go undetected. 

The best defense is Doppler radar. It 
provides sensitive measures of wind 


speed and direction over a large area | 


and presents the information graphi- 
cally as a map. Then automated cir- 
cuits can be developed to detect such 
conditions and automatically give 


| warning if dangerous conditions de- | 


velop anywhere within the radar's 
range. 


What's News 


The first test of such a system came 
not long after four o'clock on the after- 
noon of July 11th at Stapleton. Offi- 
cials say the test was brilliantly suc- 
cessful and likely prevented a wind- 
shear accident. 

The test clears the way for the pro- 
duction of 47 such systems slated to go 
into operation over the next few years 
at airports around the country. Be- 
cause Stapleton is a big-city airport 
with perhaps the greatest danger of 
wind shear, it was chosen as the test 
site. 

Because of the high probability of 
wind shear, incidentally, Stapleton 
Airport had been the site of an earlier 
installation of wind monitors de- 
signed to give warning. Those moni- 


tors were in place on July 11th (when | 


the new Doppler system gave its 
warning); but the wind shear fell be- 


tween two of the wind-direction moni- | 


tors and was not detected by them. 


Holding down heating costs 


Even with lower energy prices, resi- 
dential heating and cooling are still 
major costs. They account for 75 per- 
cent of all energy used in the home. 
Now CAREIRS—Conservation and 
Renewable Energy Inquiry and Refer- 
ral Service—is doing something about 
that situation. The organization, op- 
erating under contract to the U.S. De- 
partment of Energy to provide con- 


| sumer energy information to the 


public, has issued two booklets. 

e "Improving the Efficiency of Oil 
and Gas Heating Systems" contains 
five pages of tips, including insulating 


| pipes, changing filters, moving furni- 


ture clear of registers, modifying 
burners, routine cleaning, and many 
others. 

e "Efficient Air Conditioning" con- 


| tains numerous tips on improving en- 


ergy efficiency in that area. 
Both are free. Write CAREIRS, Box 
8900, Silver Spring, Md. 20907. 


Hubert Luckett 1916 —1988 | 


The editorial focus and direction of the 
magazine you hold in your hands was 
shaped most decisively by a man who 


served it for 39 years. Hubert Luckett 
was a professional photographer in 
1945 when he left his native Texas 
and came to New York City. His most 
impressive accomplishment to that 
date had been a trek into the wilder- 
ness of southern Texas, hauling hun- 
dreds of pounds of photographic equip- 
ment by horseback and coming out 
with dramatic photographs that were 
instrumental in persuading Congress 
to bestow National Park status on the 
dramatic landscape called Big Bend. 
He went to work as a photographer 
for PoPULAR SCIENCE, but ever more 


| fascinated by the world of science and 


technology and the wealth of products 
they produced, he switched his career 
emphasis. He gradually rose through 
the ranks to become technical editor, 
executive editor, editor-in-chief, and. 
eventually, editorial director of Times 
Mirror Magazines, in charge of the | 
editorial operation of all of the compa- | 
ny's magazines. He retired in 1984. 

In a magazine that is 116 years old, 
change is inevitable. A major refocus- 
ing of content and style took place in 
1970. Hubert Luckett played a crucial 
role in this transformation, and it was | 
his vision that to a large extent pro- 
duced the publication you hold in your | 
hands today. In 1971, as the new focus 
was put into effect, he became editor- 
in-chief, with the job of transforming a 
vision into the reality of ink on paper. 
Thus, he set the magazine firmly in 
the new mold. 

He remained as the chief editor un- | 
til 1980, when I succeeded him after 
he moved up the ladder to the post of 
editorial director of the company. 
Those of us on the PoPuLAR SCIENCE 
staff who had worked with him over | 
the years and share his commitment 
to quality mourn his passing. We also 
rededicate ourselves to upholding the 
high tradition of editorial excellence 
that he set. 


OVe____| 


Editor-in-Chief 
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Authoritative sources say the U.S. Air Force is developing a radar-evading reconnaissance 
plane that will fly five times the speed of sound at altitudes exceeding 100,000 feet. Aurora, 
as it's called, will replace the SR-71 Blackbird, the world speed and altitude champion. How 
would Aurora be built? PoPuLAR Science went to hypersonic-aircraft designers to find out. 


By T. A. HEPPENHEIMER 
Illustrations by Mark McCandlish 


plane, one of the world's larg- 

est, wings its way through early 
morning darkness 35,000 feet above 
the North Pacific. Several hours ear- 
lier, the aircraft lifted off from a re- 
stricted airfield in Alaska. Now far at 
sea, it is alone, remote from ships, 
planes, and land. 

With a whine of electric motors, the 
aircraft's aft clamshell doors open. 
Like a butterfly emerging from its co- 
coon, a slim black shape slides out the 
back. Cables steady it until it clears 
the doors. For a few moments, it hangs 
suspended from an extendable arm 
similar to an in-flight refueling boom. 

The object is an airplane, wings 
folded and engines idling. Suddenly, 


T he U.S. Air Force C-5B transport 


the wings deploy and lock into posi- 
tion. Cables and boom disengage ab- 
ruptly, and the craft falls free. The 
mother ship now banks away sharply, 
leaving its spawn alone in the empty 
black sky. 

Inside the newly launched plane's 
cockpit, the pilot pushes the engine 
throttles to full power. Long cones of 
white-hot flame stab backward from 
the exhausts, and the dusky dart leaps 
skyward. It climbs at an angle far 
steeper than that of any airliner. 

The pilot does not notice the thin 
blue line that forms along the east- 
ern horizon—the first glow of dawn. 
Nor does he notice the blue line begin 
to arc, revealing Earth's curvature. 
Minutes later, also unmarked, the blue 
arc fades to black as the airplane out- 
races the dawn. 

Guided only by instruments, the 


plane hurtles into the indigo void at 
five times the speed of sound— Mach 
5 or 3,800 mph— more than twice the 

Continued 
(1) Phased-array radar; (2) heat-resis- 
tant glass windshield with retractable 
heat shield; (3) pilot; (4) reconnaissance 
officer; (5) slit-scan radar; (6) infrared 
and photo-optic surveillance sensors; 
(7) viewing port with heat shield; (8) 
nose landing gear; (9) sawtooth-shaped 
radar-absorbing material; (10) flight- 
control avionics; (11) oxygen tanks; (12) 
in-flight recovery hook and refueling 
receptacle; (13) engine inlet; (14) mov- 
able inlet spike; (15) methane or hy- 
drogen fuel tank; (16) heat-resistant 
titanium-aluminide-alloy airframe and 
skin; (17) turboramjet engines; (18) en- 
gine bypass ducts; (19) main landing 
gear; (20) radar-absorbing skin coating; 
(21) ramjet afterburner; (22) vertical sta- 
bilizer; (23) shock wave. 


NOVEMBER 1988 | 71 


speed of a rifle bullet. After reaching 
a cruising altitude of 100,000 feet 
—where only astronauts have gone 
before—the pilot levels out for the 
night's southward flight. 

During the next two hours the pilot 
skirts the Soviet Union's Pacific coast- 
line while his crew mate operates 
advanced photo and radar reconnais- 
sance sensors that record minute 
details of military installations far in- 
land. Their aircraft is a new secret spy 
plane built by Lockheed Corp. The 
plane is nearly unstoppable: It flies 
too fast, too high, and too stealthily. 

At mission’s end, another C-5B 
transport greets the plane over mid- 
ocean with open doors. Like the start 
of an in-flight refueling operation, the 
smaller jet links up to the boom. The 
wings then fold up and the boom hauls 
the craft forward to be swallowed up 
by the cargo plane. 

Officially, this aircraft does not ex- 
ist. Nevertheless, early in 1988 a front- 
page story in The New York Times 
stated: "The Air Force is secretly de- 
veloping a long-range reconnaissance 
aircraft that will incorporate technol- 
ogy designed to evade detection by 
radar, Defense Department officials 
say. The plane is being designed to fly 
at five times the speed of sound... It 
will fly higher than 100,000 feet... 
‘With the SR-71, they know we're 
there, but they can't touch us,' said 
one official. ‘With the new technology, 
they won't even know we're there. " 

The Aurora spy plane is the latest 
addition to the Air Forces shadowy 
fleet of radar-foiling stealth aircraft, 
which already includes the B-2 bomber, 
the so-called F-19 fighter, as well as 
new cruise missiles (see the Sept. '86 
and July '88 cover stories). No one in 
government will discuss the plane 
officially, let alone describe its design 
in detail. 

There are only a few ways to build 
such an aircraft, however. By talking 
to experts on high-speed flight, I was 
able to piece together a likely design 
for the new spy plane in much the 
same way experts were able to formu- 
late a view of the new B-2 stealth 
bomber. (Recent Air Force disclosures 
show that many of the analysts' orig- 
inal conjectures about the B-2 were 
largely correct.) 

The original information about the 
United States’ newest intelligence- 
gathering aircraft may well have been 
disclosed by mistake. In a 1985 Pen- 
tagon budget document, under the 
title "Air-Breathing Reconnaissance," 
there was a line referring to the well- 
known SR-71 Blackbird spy plane. 
Directly following was a reference to 
a project called Aurora, a classified 
"black" program with a $2.1-billion 
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budget. A note stated that Aurora was 
a strategic program headed toward 
production. 

Soon afterward, all references to Au- 
rora vanished. But it was too late; 
aerospace analysts were already on 
the scent. With the Air Force strongly 
committed to stealth projects in recent 
years, analysts had already noted a 
glaring omission: There was no new 
spy plane on the drawing boards. The 
Air Force has long prized Lockheed's 
SR-71 aircraft, which fills this role 
today. It is the world's fastest, rou- 
tinely cruising at Mach 3.3 at alti- 
tudes of 85,000 feet. Its flights have 
yielded *results that exceeded the in- 
telligence community's highest expec- 
tations,” declares Wolfgang Demisch, 
Wall Street’s leading expert on the 
aerospace industry. 

Demisch suspects Lockheed is the 
logical company to build a successor 


ike an 
aeronautical surfboard, 
a hypersonic plane 
rides its own shock 
wave. Planes like 
this are called wave- 


riders y E 


to the SR-71. It built the SR-71 fleet 
as well as the F-19 stealth fighter. 
Lockheed has a tradition of being first 
with the fastest new jets. Its "Skunk 
Works" (named after a cartoon char- 
acter's secret still for brewing moon- 
shine in the "Li'l Abner" comic strip) 
brought forth America's first jet 
fighter, as well as the first aircraft to 
fly at Mach 2. 

“Lockheed has had a reasonably 
steady level of aircraft-related reve- 
nues, about four billion dollars per 
year," Demisch says. "You can account 
for three billion of this in terms of 
known programs. That leaves an extra 
one billion per year, and it looks like 
an ongoing level of effort. As one proj- 
ect fades, another one comes in." De- 
misch, along with fellow analyst David 


J. Smith, interpret the fading project 
as the F-19. The new project, they be- 
lieve, is the spy plane Aurora. 

What might the spy plane look like 
then? At NASA's Ames Research Cen- 
ter in Moffett Field, Calif., scientists 
working with a hypersonic wind tun- 
nel offer an important clue. Inside the 
control center, a technician turns a key 
and unlocks a plastic handle marked 
BLOWDOWN. Suddenly there is a low- 
pitched roar as a high-speed airflow 
shoots through a channel behind a 
concrete-block wall. On a TV moni- 
tor, the sharp silvery shape of a model 
aircraft shows up, immersed in the 
airflow. 

When the test is over, Tom Rivell, 
a senior engineer, leads me to the 
other side of that wall. Here is a 
flanged and bolted steel pipe stenciled 
with red letters, MAcH 5. Similar pipes 
are marked MACH 7 and MACH 10. 
"These are nozzles for the flow," Rivell 
says. "By bolting and attaching them 
in place, we can test a model at 
three different Mach numbers." He 
then leads me into the starkly lit test 
chamber. 

The model is three feet long and two 
feet across. It looks like a broad, flat 
triangular wedge. "That's the NASA 
Allbody," Rivell continues. Unlike con- 
ventional aircraft, it shows no distinct 
wings and fuselage. Instead, they are 
"blended" together, sloping smoothly 
into each other. The Allbody is repre- 
sentative of shapes optimized for hy- 
personic flight, he says. 

"For hypersonic flight, you want a 
shape that traps a shock wave against 
the aircraft's underside," explains 
Tony duPont, a longtime hypersonics 
specialist who designed the basic form 
of the X-30 National Aerospace Plane. 
A shock wave is a violent disturbance 
in the air produced by a plane's mo- 
tion. When it hits the ground we hear 
it as a sonic boom. Air pressure in- 
creases behind a shock wave. In a hy- 
personic aircraft of appropriate design, 
the shock wave forms across the un- 
derbody, covering it like a veil. The 
elevated pressures then push upward 
against the entire bottom surface. This 
force constitutes lift. Like an aeronau- 
tical surfboard, this type of hypersonic 
airplane rides its own shock wave. Air- 
frame shapes that do this are called 
waveriders. 

"A waverider gives you aerodynamic 
advantages," says Fred Billig of the 
University of Maryland, widely re- 
garded as the dean of hypersonics 
research. The question is, where do 
these advantages give it a major role? 
The answer is obvious: a plane that 
is to fly long distances. “The man who 
knows about them is a former student 
of mine, Kevin Bowcutt," Billig says. 


“He wrote his dissertation about 
waveriders." 

Bowcutt now works as an aerody- 
namicist at Rockwell International 
Corp., builder of the space shuttle. 
When I arrive at the Lakewood, Calif., 
office he rummages through sheaves 
of papers and pulls out a set of 
computer-generated aircraft shapes. 
“Waveriders all look like a blended 
wing body," he says. 

Of course, some changes are re- 
quired to turn these theoretical shapes 
into real-world flying machines, Bow- 
cutt notes. "To add volume for engines 
and fuel, you could hump up the up- 
per surface in a low-drag way.’ It would 
then show a pronounced bulge along its 
length. “At hypersonic speeds, planes 
tend to lose directional stability. To 
fix that you need a large tail area, 
meaning one large vertical stabilizer 
or two small ones." Twin tails are eas- 
ier to build, he explains. What's more, 
during takeoff and landing these craft 
fly nose up. A double tail with verti- 
cal fins set fairly far outboard avoids 
“blanketing,” a phenomenon in which 
the long, broad fuselage shields a sin- 
gle fin and prevents it from cutting 
into the airflow. 


Hypersonic drive 


Then there are the engines for Mach 
5 flight. Engine designers are more 
conservative than aerodynamicists, 
more inclined to stick with what is 
well proven. So it's a good guess that 
the Aurora's power-plant designers 
will build on the experience gained 
from the SR-71's engines. 

At Beale Air Force Base near Sac- 
ramento, Calif., where the Black- 
birds roost, is the service shop for 
their jet engines. Cartoons line the 
walls: “Skunk Power,” with the logo 
of the Lockheed Skunk Works; “Spuds 
MacKenzie Power,” with a rendering 


[Continued on page 114] 
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Using Cray-2 supercomputers, hyper- 
sonic -flight researchers can calculate, 
evaluate, and display the complex pat- 
terns of airflow over the fuselages of 
prospective airframe shapes before 
building and testing wind-tunnel 
models. At top, a hypersonic airflow 
calculation for a simple bullet shape 
produced by NASA-Ames engineers. 
One of the famous SR-71 Blackbird 
spy planes (center) undergoes preflight 
checks by ground crew at Beale AFB. 
Though spy satellites have taken over 
many tasks that used to be performed 
by reconnaissance aircraft, the combi- 
nation of rapid unpredictable response 
and highly detailed imagery makes spy 
planes still valuable. An SR-71 J-58 
turbojet engine in a ground stand (left) 
is tested. Engine heat causes the after- 
burner to glow orange. Diamond- 
shaped bright regions in exhaust are 


caused by shock waves. 
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ater works 


What do we do on a small planet that is rapidly running out of land? In this prizewinning 
project, 20 students from the Illinois Institute of Technology would put transportation hubs, 
manufacturing, and energy and food production to sea. 


By V. ELAINE GILMORE 


n October 30, 1987, four stu- 
Ó dents from the Illinois Insti- 

tute of Technology in Chicago 
and their professor, Charles Owen, 
were in Japan's second city, Osaka, 
lined up in front of the international 
exposition hall there. Flanking them 
was a group of Japanese dignitaries, 
looking like latter-day samurai as they 
brandished giant silver shears. 

On cue each snipped a section of red 
and white ceremonial ribbon, and the 
Third International Design Competi- 
tion, a biennial affair sponsored by the 
Japan Design Foundation, opened to 
a crowd of VIPs and the press (myself 
included). 

Inside the exhibit hall a 160-foot- 
long silver dragon hung from the ceil- 
ing, undulating constantly and bellow- 
ing occasionally. In Japanese mythol- 
ogy the dragon is the god of water, and 
water was the competition's theme. 
Displayed beneath the beast were the 
59 winning projects, winnowed from 
1,144 entries from 48 nations: every- 
thing from a scuba-diving helmet to 
elegant floating lights. 

But the standout exhibit, and win- 
ner of the grand prize, was an elabo- 
rate project called Aquatecture, de- 
signed by IIT students under Owen's 
tutelage. With him in Osaka to col- 
lect their 10-million-yen ($79,000) 
award were project leaders Kimberly 
Kane, Scott Lewis, Maura Podrazik, 
and Craig Zaplatynsky. 

Aquatecture originated in Owen's 
Systems and Systematic Design class 
at IIT's Institute of Design. Unlike the 
other competition entrants, his stu- 
dents took a broad view of water's po- 
tential. “Most of the major cities of 
the world are on navigable water," 
Owen points out. "Activities that 
evolved on land now might be better 
conducted on water, given the matura- 
tion of our technology and the crowd- 
ing of our land base.” 

Twenty students working in four 
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FROM WATER: Plankton, at the base - 


of the animal food chain, grows in en- 
closed serpentine tubes, feeding on 
human and animal waste supplemented 
with minerals as needed. At harvest the 
dark brown water is pumped, and the 
plankton filtered out to be fed to shell- 
fish on mollusk lines and to fish in con- 
tainment ponds (neither shown here). 
In inflatable greenhouses (above right) 


teams designed these schemes to put 
food and energy production, manu- 
facturing, and transportation on the 
water by building huge semi-sub- 
mersible platforms. 

This was not Owen's first time in 
the top-honors spot at Osaka. In 1983 
another IIT project under his guidance 
won the First International Design 
Competition. You may recall that proj- 
ect as "The House That Computers 
Built" [April '84]. 
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plants normally requiring soil are 


grown hydroponically (all nutrients are 
delivered through the water). In the 
background is the distribution spine, 
which anchors and connects the kilo- 
meter-long floating farm. Structural 
modules are supported on submerged 
pontoons, wherein the ratio of air to 
water can be varied. Cables anchor 
them to the sea floor. 


OFFSHORE INDUSTRY: Modular structures 
18 meters high, 24 meters wide (which 
will go through all shipping canals), 
and up to 96 meters long, ride nine 
meters above the water on submerged 
pontoons. Computer-controlled multi- 
directional pumps provide dynamic po- 
sitioning, and hydraulic legs stabilize 
the factories. Mobile seaborne factories 
could travel to sites where labor is 
cheap or materials available—even 
move when heavy storms threatened. 
Employees would live in crew modules 
outfitted for comfort and recreation. 
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FLOATING HUB: Shipping port, airport, heliport, and train sta- 
tion, this massive transportation hub would be connected 
to land by an underwater rail tube. Interchange units, four 
arms arranged in an X pattern around a central service 
core, have landing pads on top and decks below for pas- 
senger and cargo embarkation to ships and planes. Cylin- 
drical buoys, cabled to anchors below, control the flotation; 
cable tensioning is computer controlled. Lighted buoys 
mark runways for seaplanes (above right). 


WATER POWER: A location on water broadens the possibilities 
for energy production. Ocean Thermal Energy Conversion 
plants exploit the temperature difference between surface 
and deep waters to produce electricity. Shown is the tur- 
bine and primary condensers of an OTEC plant. Wave, wind, 
and solar energy are available in abundance over much of 
the world’s waters. Biomass plants, fuel-cell plants, and 
nuclear-fusion reactors could be sited on the water to avoid 
the NIMBY (not in my backyard) syndrome. 
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Voyage 


fo the 
cenier 


of th 
Earth 


The most mysterious and inaccessible place 
on Earth has been its interior, the innermost 
of inner space. Now geophysicists using new 
tools and techniques have penetrated this un- 
explored realm to its very core and assem- 


bled an extraordinary picture of its complex 
features. And that picture is surprising. 


By ARTHUR FISHER 
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either you nor anyone else knows with any certainty 
what is going on inside the Earth.” ` 
When Jules Verne put those words into the mouth 
of the didactic Herr Professor Lidenbrock, in his fantastic 
novel of 1864, Journey to the Centre of the Earth, they 
were literally true. So it was that Verne's fabled imagina- 
tion could unblushingly have a trio of explorers, led by 
the redaubtable Lidenbrock, penetrate a volcano’s crater 
and descend 88 miles below ground, where rather than 
melting, they encounter a vast ocean populated with an- 
tediluvian sea monsters, no less. 

For millennia men have wondered, like Verne, about 
what lay beneath their feet: the mysterious world under- 
ground. With the rise of seismology—the science of earth- 
quakes—in the early 1900s, the planet’s structure began 
to be revealed, emerging later in the century as the fa- 
miliar onion-layer picture, with an outer crust, a core at 
the center, and a mantle in between. 

Today it is possible to say—with reasonable certainty 
—that the picture is not so simple after all. 

“We are just finding out that the inside of the Earth is 
far more complicated than we had realized,” says Thomas 
Ahrens, a professor of geophysics at the California Insti- 
tute of Technology. Another Caltech geophysicist, Robert 
Clayton, says the onion-layer analogy for Earth is accu- 
rate to 99 percent. “But the one percent that’s left is 
astonishing.” 


Stunning surprises 


In just the last few years, geophysicists using the power 
of supercomputers to digest mountains of earthquake data 
have learned much about that one-percent mismatch. They 
have discovered stunning surprises below. Among them: 
a core-mantle boundary with lofty ridges and deep rifts; 
"anti-continents" and "anti-oceans" of molten slag; “rain- 
storms” of iron filings pelting the core; and seething tu- 
mult in the mantle. And by managing to simulate in their 
laboratories the hellish conditions that exist in the nether 
regions, geophysicists have established that the tempera- 
ture of the core is probably hotter than the surface of the 
sun. The mosaic of Earth’s interior they have assembled, 
though many of the chips are missing, is vivid enough to 
shatter a long-held image of the planet’s architecture. 

That image—that strata of different materials nest 
neatly and fairly statically in concentric shells—is many 
centuries old. As early as the 14th century the Chinese 
sage Cheng Ssuhsiao, puzzling over the nature of ore 
deposits, suggested that beneath the surface of Earth 
stretched a layer of rocks riven by a network of cracks 
that were filled with liquids. William Caxton's'The Myrrour 
of the Worlde, published in 1481, also posited a substra- 
tum of liquids that caused earthquakes. 

Perhaps the most imaginative of these early rumina- 
tions appears in Thomas Burnet’s The Sacred Theory of 
the Earth, published between 1680 and 1690 in London. 
Seeking to reconcile physical laws with what Scripture 
revealed as the natural history of Earth, Burnet pictured 
the planet first as a random mixture of undifferentiated 
particles of various densities. Eventually, these particles 
sorted themselves out and formed three concentric layers: 
a light, thin crust floating on a layer of denser water, which 
in turn rested on a compact and even denser mass of solid 
material at the core. This smooth and rather boring Earth 
was home to the paradise of Eden, according to Burnet's 
reconstruction. | 

Explaining the actual surface features of oceans and 

Continued 


This computer-generated cross section 
of Earth prepared by Stanley M. Flatte 
of the University of California, Santa 
Cruz, shows how variations in mantle 
structure influence the paths of seis- 
mic waves from earthquakes. The green 
bands mark the top and bottom mantle 
boundary layers. Yellow and white lines 
are paths waves would follow if Earth 
were homogeneous. Blue lines show 
paths waves actually take. The dark 
blue zone represents the mantle; the 
red zone, the liquid outer core; and the 
vellow zone, the solid iron inner core. 


This wedge of Earth, from super-thin skin to fiery solid iron 
core, is drawn only roughly to scale. The impression of a 
neat onion-layer arrangement is misleading. Recent discov- 
eries show movements of hotter and colder masses up and 
down, respectively, in the mantle. And the core-mantle 
boundary has a topography complex enough to rival that of 
the surface, with features as lofty as Mount Everest. 
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rough continents, Burnet said the Biblical flood occurred 
when the thin crust ruptured and released torrents of water 
from below—a deluge that crumbled parts of the crust, 
threw up mountains, and left holes that are now oceans. 
The result, Burnet said, was "the dirty little planet" his 
17th-century readers inhabited. 

The picture did not really benefit from much clarification 
until the beginning of this century, when the new science 
of seismology for the first time let researchers attach—with 
reasonable certainty—real dimensions to Earth’s inner 
structures. By 1940 seismographic techniques had built 
up a reasonable hierarchy of terrestrial layering: a thin 
outer crust at the surface; then a thick mantle divided 
into three zones with different characteristics (upper, tran- 
sition, and lower); and. deeper yet, a core 55 percent of 
Earth’s diameter (about the size of Mars), divided into a 
liquid shell of molten iron and nickel surrounding a solid 
metal ball the size of the moon. 

How did the study of earthquakes illuminate the once 
invisible abyss? 


Heavings and groanings 


Earthquakes stem primarily from the heavings and 
groanings of Earth’s crust, although some, termed “deep 
focus,” originate within the mantle. They are one expres- 


78 | POPULAR SCIENCE 


sion of the mechanism called plate tectonics, driven by 
convection currents in the mantle. Giant crustal plates 
bearing the continents drift on a hot plastic mantle and 
grind past one another, or spread apart at mid-ocean ridges 
to allow hot magma to well up from below. By 1970, after 
a couple of decades of acid debate, plate tectonics was ac- 
cepted as a theory that provided an integrated picture of 
much of Earth’s crustal behavior: volcanism, mountain- 
building, continental drift, sea-floor spreading, and earth- 
quakes [“Plate Tectonics,” June '72]. 

(To dispel any remaining doubts about the theory’s va- 
lidity, we now have direct evidence that the plates are 
indeed moving. Results from NASA's Crustal Dynamics 
Project announced in June 1987 show that Hawaii is mov- 
ing toward Japan at a rate of 83 millimeters per year. 
The measurements were taken by aiming a network of 
radio telescopes at distant quasars, which act as fixed ref- 
erence points.) 

Some of the enormous energy generated by even minor 


WINDOWS UNDER THE OCEANS 


These sequences of computer-gener- 
ated images are windows into Earth. 
The viewpoint is 35,000 km from the 
center, in space. The top sequence (1—4) 
reveals the velocity anomalies that lie 
beneath the Atlantic Ocean; the bottom 


sequence (5-8) does the same for the 
Pacific. Each successive image looks at 
a deeper level: first at the surface, then 
inside the mantle (550 km), next at the 
core-mantle boundary (2,890 km), and 
last at the boundary between the inner 
and outer cores (5,151 km). 
The triangular window that is 
marked in red is 10,000 km on 
a side. Plate boundaries are 
indicated in yellow. 


mal are shown in blue, slower than nor- 
mal, in orange. The increase in the level 
of velocity perturbation in the lower 
mantle is a worldwide phenomenon. 

The bottom sequence shows that the 
region under the Pacific is much slower 
(therefore hotter) than average at all 
depths in the mantle. 

These maps were based on models 
that were formulated by Adam M. 
Dziewonski and John H. Woodhouse at 


quakes travels outward from the point of origin in the 
form of waves, basically of two types. One is the pressure 
wave. This is essentially a sound wave, consisting of a 
series of compressions and relaxations propagated along 
the line of travel —longitudinally. The speed of these waves 
depends on the density of the material through which they 
travel —the denser, the faster. (Sound travels faster through 
water than through air, and faster yet through a solid- 
metal railroad track.) And they can be reflected or re- 
fracted when they encounter a discontinuity—an interface 
between materials of different density. 

The second kind of wave launched by an earthquake is 
a shear wave. Shear waves jiggle from side to side, per- 


Velocities faster than nor- 


Harvard University. 


5,151 


pendicular to the direction of travel. They can propagate 
through solids only, not liquids or gases. And they travel 
at only two-thirds the speed of pressure waves, so they 
arrive at a given point later than pressure waves. (Their 
designations of P and S come, oddly enough, not from pres- 
sure and shear waves, but derive from this time-of-travel 
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characteristic: P from the Latin prima, for first, and S from 
the Latin secunda, for second.) 

When an earthquake is strong enough, say about 4.5 
on the Richter scale, it will generate shock waves so in- 
tense that they can jiggle the recording pens of seismom- 
eters at points far distant from the origin. And because 
these waves will have been diverted from a straight path 
through reflection and/or refraction, they can serve geo- 
physicists as probes of Earth's internal structure. 

The first primitive essays at such probes are due to Rich- 
ard Oldham, superintendent of the Geological Survey of 
India, who in 1899 identified shear waves after studying 
records of the great 1897 Assam earthquake and others 
that had been recorded at newly installed seismometers 
in Italy. In 1906 he concluded that the unusually late time 
of arrival of some shear waves indicated that a certain 
something at the center of the planet was obstructing their 
path. That something, he said, was an internal core. 

In 1909 the Yugoslav physicist Andrija Mohorovičić an- 
alyzed seismograms of the great Croatian earthquake that 
year and concluded that the relatively high speed of cer- 
tain waves meant they were traveling through a medium 
denser than the crust, a structure now called the mantle. 
In honor of his discovery, the boundary between the crust 
and the mantle is now called the Mohorovičić Discontinu- 
ity, or “Moho.” It took until 1925 for geophysicists to learn 
that the mantle was differentiated into an upper and lower 
layer, a discovery made by the Austrian physicist Victor 
Conrad after studying the records of the Tauern earth- 
quake of 1923. 

And the next year, 1926, British physicist Harold Jef- 
freys realized that the core was not simply slowing S waves, 
but was blocking them entirely, creating a kind of shadow 
on the side of Earth opposite from a quake. Conclusion: 
Beginning at 2,900 kilometers below the surface was a 
liquid core, a sea of molten metal. 

Not until recently, however, were geophysicists able to 
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MOUNTAINS AND VALLEYS ON THE CORE. € 


refine this technique to produce the equivalent of real X-ray 
images of Earth's interior. 

"The new approach is called seismic tomography, or, more 
properly, travel-time tomography," says Robert Clayton in 
his Caltech office, cluttered like most earth scientists' dens 
with maps, seismometer tracings, models, and the ubiq- 
uitous computers and computer printouts. "There is a 
strong analogy to what radiologists do with medical CAT 
[computerized axial tomography] scans." 

The CAT scanner fires an X-ray beam through the pa- 
tient's body and senses a continuation of the beam on the 
other side with a circular array of detectors. Then the 
machine rotates to fire another beam at a slightly differ- 
ent angle. Because different tissues and organs within the 
body have different densities, they absorb X-rays differ- 
ently. So each such slice through the body will convey a 


" two-dimensional density record of the interior. When many 


such slices are stacked via computer processing, a com- 
plete three-dimensional picture emerges. 

“We're doing essentially the same thing by applying seis- 
mic tomography to the whole Earth," says Clayton. ^We 
use seismic waves, mostly P waves, instead of X-rays." Clay- 
ton, an associate professor of geophysics, is part of a team 
under the direction of Don Anderson, director of Caltech's 
famed seismological laboratory. 

"We've been concentrating on mantle P waves, which 
are the first to show up in an earthquake. We record their 
travel time and measure their deviation relative to a stan- 
dard Earth. We have models of what a standard Earth 
should look like and how a P wave should travel through 
it. Then we take those deviations and back project them 
along the wave, essentially reconstructing an image of the 
velocity variations. Basically we sit around and wait for 
earthquakes to happen and be recorded in various source- 
receiver combinations. When we have enough of them, we 
can construct a picture— still a somewhat fuzzy one—of 
the mantle." 


In this computer map generated at 
Caltech's seismology laboratory the 
red blobs represent upward-welling 
deflections (*mountains"), and the blue 
blobs represent down ward-going de- 
flections (“valleys”). 


To test the validity of seismic tomogram maps, Bradford 
Hager of Caltech used them to calculate regional variations 
in the density of Earth, and from these constructed a map of 
what should be regional variations in Earth's gravitational 
field, as shown in the computer map (bottom). When this 
map is compared with a map of the actual observed gravity 
field, the close match is apparent. 


The task would be impossible without modern comput- 
ers. Seismic tomographers scrutinize the records of thou- 
sands of earthquakes detected at some 3,000 seismic 
stations around the globe. (Clayton’s mantle studies used 
25,000 quakes.) The computer must therefore gobble up 
millions of pieces of data, each signaling the time it took 
for a single P wave to reach a single seismometer. 

By slicing open Earth with tomographic techniques, geo- 
physicists have uncovered —from the crust down to the core 
—features that range from the unexpected to the, well, 
earthshaking. 

Even the crust, the most accessible part of Earth, has 
delivered up its share of surprises. The seismic waves used 
to probe it are not generally from earthquakes, but are 
generated by geophysicists with explosives, blasts of air, 
or mechanical vibrators. Larry Brown, of the Consortium 
for Continental Reflection Profiling (COCORP) at Cornell 


University, outlined some of the surprises at a meeting of 
the American Geophyiscal Union last May. 

One major mystery has been the discovery in many parts 
of the world of “bright spots” in the middle crust. These 
are regions of high sound-wave reflectivity that may sig- 
nal the presence of pockets of molten rock or water. Re- 
cent discoveries have shown complex layering in the upper 
crust that may have accompanied ancient volcanic flows. 
And under some old mountain ranges there are regions of 
the Moho— where the lower crust meets the upper mantle 
—that are peculiarly flat, unlike the many regions where 
collisions of plates have formed mountain ranges that are 
pushing down on the crust and deforming the Moho. 

“With more than a dozen countries involved and at least 
thirty thousand kilometers of surveys accumulated to date," 
says Brown, "we are seeing a remarkable 
change in perspective about the Earth's crust." 

The change in perspective on the mantle 
is at least as great. For example, it isn't near- 
ly so homogeneous as had been previously 
thought. Velocity variations show differences 
that correspond to changes of 300 degrees C. 
Scientists can make such correlations because 
the colder a material is, the denser it is; and 
sound travels faster in denser materials. In 
fact, the whole mantle acts like a soup caul- 
dron set over a fire. Like the soup, the man- 
tle is roiled by convective currents, but on 
a time scale of tens of millions of years. The 
mantle is made of solid rock that neverthe- 
less flows under the urging of high-enough 
temperature differences. 


. Hot blobs 


Tomographic maps prepared by Caltech sci- 
entists and by Adam M. Dziewonski and John 
H. Woodhouse, both professors of geophysics 
at Harvard's Department of Earth and Plan- 
etary Sciences, show blobs of hotter material 
rising from the core-mantle boundary, while 
cooler masses are sinking from the upper 
mantle into the interior. 

"Until 1983," says Woodhouse, "there was 
basically little knowledge of the mantle and 
no global maps of the velocity structure of 
the mantle in three dimensions. In 1983 we 
here at Harvard and the people at Caltech 
started to study mantle waves and produce 
maps that, despite some differences, are in 
substantial agreement about where in the 
mantle it's fast and where it's slow. We can pick out the 
mid-oceanic ridges, areas of upwelling that are hot and 
therefore, slow. The continents are fast, presumably be- 
cause they are cold." 

There is an ongoing heated debate over the exact mech- 
anism by which convection in the mantle drives the mo- 
tion of the tectonic plates. Do the convection cells that 
boil the crust extend all the way down to the core? Or do 
they stop, as some believe, about 700 kilometers down be- 
cause of some long-known seismic discontinuity that could 
serve as a natural barrier to convection? Further seismic 
analysis, with better resolution than has been obtainable 
so far, should help resolve such questions. 

Clayton says the Caltech group has found that the hot- 
test place in the mantle is on the core-mantle boundary 
under Africa. "In fact, the whole zone of the mantle un- 
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DODGE DAKOTA 4x4. 


This pickup broke new ground, right off the bat. 
The first true mid-size 4x4 ever. With the full-size 
muscle of a standard fuel-injected V-6. Three- 
across seating. An available eight-foot bed. 
Plus our exclusive 7 yr. or 70,000 mi. Protection 


'See this powertrain limited warranty & its restrictions at dealer 


.,Plan* And Dakota handles it all with the attitude 


of a compact. This year, we’ve even added 
anti-lock rear brakes for more precise stoppinc 
power. The 1989 Dodge Dakota 4x4. Go brea 
some ground of your own. W70 
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Using exquisitely sensitive superconducting devices, neuroscientists are mapping the brain's 
magnetic fields, which are a billion times fainter than Earth's. The research is giving physi- 
cians clues to the nature and treatment of epilepsy as well as other disorders, and may even 
penetrate the mysterious processes of human perception. 


By T. A. HEPPENHEIMER 


P 


ush these into your ears as far 
as you feel comfortable," says the 
white-coated doctor as he looks 
at me with a sympathetic expression. 
He hands me two long wires, each 
with a bit of foam rubber at the end, 
which I soon push into place. I then 
lie back on a patient's couch as he 
grasps a large white cylinder, more 
than a foot in diameter, that is posi- 
tioned over my head. From its end pro- 
trudes a six-inch-wide tip, resembling 
an oversized soft-drink can. He presses 
it firmly against the side of my head, 
pinning me against the pillow. Then 
he walks away and pulls shut a heavy 
metal door, leaving me alone. 

Beep... beep... beep.... There is 
a succession of short, sharp pips in the 
earphones. Within this quiet labora- 
tory room, these are the only sounds 
I hear. The instrument fits comforta- 
bly against my scalp; the room 1s 
warm; and soon I am dozing. A few 
minutes later the doctor returns with 
a sheet of paper. It shows a wiggly 
trace—and a large spike right in the 
middle. *Here's a fine brain wave," he 
says. "We're picking up good strong 
waves." Using the instrument, he has 
tuned in on the magnetic signals pro- 
duced in my brain as it responds to 
the sounds from the earphones. 


MEG magic 


This technique, called magnetoen- 
cephalography, or MEG, is the key to 
a medical advance that was virtually 
undreamed of only a few years ago: 
the ability to observe the functioning 
of the living brain, to tell where it is 
processing signals, and whether its ac- 
tivities are normal or unusual. This 
is different from observing the brain's 
form or structure, which is like map- 
ping the telephone networks of Man- 
hattan. MEG, by contrast, is like look- 
ing at those networks and being able 
to tell which phone lines are in use 
at any moment. 

The basis for this advance, in turn, 
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is that the brain produces extremely 
weak but detectable magnetic fields, 
which are not distorted by the skull 
or nearby tissues. Their detection thus 
can clearly show which part of the 
brain is active, or how it responds to 
a stimulus such as a sound or flash of 
light. Detecting these fields is difficult. 
It calls for the most advanced magne- 
tometers, which rely on superconduct- 
ing circuits cooled with liquid helium. 
But today, in a number of laboratories, 
the needed instruments are in daily 
operation. The study of neural mag- 
netism has rapidly come to the fore- 
front of research on the brain. And 
medical researchers, in turn, hope to 
use this approach to develop new and 
basic insights into a host of dis- 
orders: epilepsy, stroke, Alzheimer's 
disease, coma, spinal-cord injuries— 
even migraine headaches and learn- 
ing disabilities. 
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This trace of the magnetic activity of 
the author’s brain was, made at the 
Scripps Clinic using a special neuro- 
magnetometer. The large downward 


A magnetic blip from a beep 


The idea that there are magnetic 
fields within the human body and 
brain and that they can be detected 
and made to serve medically useful 
purposes dates only to the last decade 
or so. One of the field's pioneers, David 
Cohen of the Massachusetts Institute 
of Technology, recalls that at first he 
could not win support at even the na- 
tions premier magnetism research 
center, the Francis Bitter National 
Magnet Laboratory. “In 1965 I was 
building my first shielded room for bi- 
omagnetism," he recalls. It would have 
heavy nickel-alloy walls to absorb 
stray magnetic fields that could dis- 
rupt Cohen's delicate measurements. 

“One day a large time-varying mag- 
net was installed in the very next lab. 
Its field would easily penetrate my 
shielding. When I complained to the 
lab officials, they responded that bio- 

Continued 


spike represents the brain's response 
to a beep played through an earphone. 
It produces a field about a billion times 
weaker than Earth's. 
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This patient is undergoing the proce- 
dure known as magnetoencephalogra- 
phy, in which instruments equipped 
with ultra-sensitive superconducting 
devices called SQUIDs map the brain's 
magnetic patterns. The procedure is 


magnetism was absurd and that I 
would never detect anything in any 
case, so why bother moving the mag- 
net?... l'm afraid the magnet re- 
mained.” Cohen thus had to do his 
work during the times when that mag- 
net was turned off. He kept at it, how- 
ever, and in 1968 he succeeded in mak- 
ing the first detection of magnetic 
fields in the brain. 


Faint fields 


Why should the brain produce such 
fields? The answer lies in the way a 
neuron, or nerve cell, works. It pro- 
duces an electric current not as a flow 
of electrons, as in ordinary wires, but 
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other imaging techniques. Scientists 
at many centers are using it to plumb 
the causes of epilepsy, Parkinson's dis- 
ease, narcolepsy, and other neurolog- 
ical disorders. 


as a stream of electrically charged so- 
dium and potassium ions. This flow 
of ions produces a magnetic field, as 
would a current of electrons. However, 
the field is weak. Typically, it is only 
a billionth as strong as Earth's own 
field. 

That is why Cohen needed to work 
inside a shielded room. His basic prob- 
lem was that the magnetometers of 
the day lacked the needed sensitivity. 
Then in 1970 physicist James Zimmer- 
man, working at the National Bureau 
of Standards in Boulder, Colo., de- 
scribed a magnetometer a thousand 
times more sensitive than the best 
then available. Zimmerman improve- 


ment built on work by British physi- 
cist Brian Josephson, who later won 
a Nobel Prize. Josephson's work had: 
involved fundamental studies of super- 
conducting circuits, which have no 
electrical resistance when cooled to 
near absolute zero. At those tempera- 
tures electronic "noise," or distur- 
bances, become vanishingly low, per- 
mitting extraordinary sensitivity. 

Zimmerman used Josephson's dis- 
coveries to invent what he called a Su- 
perconducting Quantum Interference 
Device, or SQUID. In the absence of 
a magnetic field his SQUID would 
allow a certain amount of electric cur- 
rent to flow through it. But even a 
vanishingly weak field would reduce 
this current. It could be restored to 
its earlier value, however, by apply- 
ing a suitable voltage across the 
SQUID. Measuring the needed volt- 
age, then, would serve to measure the 
magnetic field with unprecedented 
precision. 


Reading the signals 


Zimmerman soon had one of his 
SQUID systems working in Cohen's 
shielded room at MIT with impressive 
results. Cohen had detected the brain's 
magnetism by using signal averaging, 
a data-processing technique that 
amounted to recording a number of 
signals, then combining them into an 
average that would allow the feeble 
brain waves to stand out. Now, how- 
ever, as Cohen describes it, “The 
brain's spontaneous field could be di- 
rectly seen without signal averaging." 
Zimmerman, for his part, soon went 
off to join in the formation of a com- 
pany in San Diego. He and his col- 
leagues proceeded to build customized 
SQUID systems for other researchers. 
Cohen was an early customer, as was 
Samuel Williamson at New York Uni- 
versity, another pioneer. 

In the early 1980s leading medical 
researchers told Zimmerman's team 
that a sensitive magnetometer for clin- 
ical use “would be a home run.” Such 
an instrument would give an entirely 
new view of the brain, showing for the 
first time just how it operates. 

"We built a single-channel system 
and took it into the back room," re- 
calls Eugene Hirschkoff, the compa- 
ny's vice president for engineering. It 
had a single SQUID and a magnetic 
pickup, which acted as an antenna, 
all enclosed within a Dewar (contain- 
er) of liquid helium. “I could hold my 
head up under the Dewar and see my 
own alpha rhythms. That was rather 
astonishing." Those alpha waves were 
rhythmical brain signals, which he 
could produce at will by closing his 
eyes, and which represent the resting 
state of the normal brain. 


Zimmerman’s company had been 
known as Superconductivity Helium 
Electronics, a name that reflected its 
founders' concern with high-tech in- 
struments, but that was now inappro- 
priate. In 1983 its managers gave it a 
new name, Biomagnetic Technologies, 
and proceeded to install its magne- 
tometer systems in some of the re- 
search labs that were studying the 
human brain. One of them was placed 
at the University of California at Los 
Angeles, where Dr. William Suther- 
ling and Dr. Daniel Barth were en- 
gaged in research on epilepsy. Epilepsy 
was a natural problem for the new in- 
strument. As early as 1977 other re- 
searchers had shown that epileptic 
seizures produce magnetic fields sev- 
eral times stronger than those of the 
normal brain and thus would be par- 
ticularly straightforward to study. 


Brain storm 


"Epilepsy has been aptly described 
as an electrical storm in the brain," 
says Barth. “Neurons, brain cells, are 
linked together in networks. Their 
normal activity is mediated by neu- 
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Relative intensities of magnetic fields, from the Earth's 
feeble compass-deflecting one down to the level of a 
SQUID, are plotted on this exponential-scale chart. 


The range is about 100 billion to one. 


rotransmitters, substances that acti- 


vate or inhibit individual neurons." 
These are molecules whose presence 
in minute quantities turns the neu- 
rons on or off. "But if the inhibiting 
effect is worn down," Barth says, “you 
can get pathological synchronized elec- 
trical releases, which can spread to the 
rest of the brain." Depending on where 
in the brain they occur, these dis- 
charges can lead to a patient losing 
contact with the world, sitting with a 
glassy stare, or epileptic seizures. 

Most epileptics can be successfully 
treated with medication; but about 
90,000 get little or no relief with it. 
They often can be helped by surgery, 
however. The problem then is to de- 
termine the specific region of the brain 
that is triggering the seizures so that 
neurosurgeons can cut it away. Barth 
and Sutherling hoped that the new 
technique of MEG would permit them 
to find such regions more readily, in- 
creasing the likelihood that such sur- 
gery would be successful. 

One method of investigating the 
brain is electroencephalography, or 
EEG. It relies on measurements of the 
electric currents pro- 
duced by the brain, and 
has been in use since 
1929. But in the words 
of one of Barth's col- 
leagues, "EEG is like a 
picture taken through a 
distorting and dirty 
lens. You can't get a 
clean image. Electric 
currents go where the 
flow is good. They flow 
readily through cere- 
Dm brospinal fluid, which 
D is like salt water and 
m which fills the cavities 
within the brain. A 
given signal might ac- 
tually emerge from the 
brain far from its 
source." 

Thus, to locate the 
source of an epileptic's 
seizures, a standard 
technique had been to 
place electrodes directly 
on the brain during 
surgery—10 or 15 of 
them in a line—and 
then move them across 
the brain to map the 
organ's activity. 

MEG, by contrast, is 
totally non-invasive, 
and the magnetic fields 
emerge from the head 
cleanly, undistorted by 
the skull or scalp. "Let 
me show you our sys- 
tem," says Barth, as he 
leads me down a crowd- 


ed hallway and past a clutter of elec- 
tronic instruments. His MEG lab fea- 
tures a small bed within what looks 
like a bank vault. The bed has a beige 
spread and a pillow, and a frame made 
entirely of wood. “A standard steel hos- 
pital bed would distort the magnetic 
fields,” says Barth. The vaultlike room, 
in turn, is built from heavy slabs of 
nickel alloy to provide the needed 
shielding. In the center of the room 
is the magnetometer, a massive cyl- 
inder held solidly within a frame. 

“We were skeptical at first,” Barth 
admits. “It was a new gadget, and we 
had doubts as to whether it would pro- 
vide new information.” After several 
years of experience, however, his con- 
fidence has grown: “We can get more 
accurate information without having 
to go inside the head. We're seeing 
more clearly the interaction between 
adjacent brain regions during dis- 
charges. We're not replacing surgery. 
But we're trying to improve the accu- 
racy by doing non-invasive measure- 
ments." Indeed, MEG measurements 
can locate the source of seizures at 
least as accurately as can electrodes 
placed deep within the brain. 


More MEG uses 


This success in studies of epilepsy 
has given encouragement to other re- 
searchers who are working on more 
difficult problems. At the Scripps Clin- 
ic in La Jolla, Calif., for instance, Dr. 
Floyd Bloom and Dr. Christopher Gal- 
len are seeking to produce maps of ac- 
tivity in the cerebral cortex, the outer 
layer of the brain. The hope is to de- 
velop a working understanding of the 
activity of the normal brain, then de- 
tect abnormalities by comparison. 

“We're studying narcolepsy,” he con- 
tinues. “It’s a disease where people 
will be walking along then just go 
to sleep without warning. People be- 
come limp and fall to the ground like 
a ton of bricks. We're trying to find 
which parts of the cortex turn on and 
off as they fall asleep. That's an ex- 
ample of using MEG creatively —to 
see where the blackout begins." 

Gallen also is seeking to detect 
changes in brain function produced by 
Alzheimer's disease. Today there is no 
clear way to diagnose this illness. 
Often a doctor can give a sure diag- 
nosis only after the patient has died 
and the brain has been autopsied. 
With MEG, however, Gallen hopes to 
study Alzheimer's in its early stages. 

At Los Alamos National Laboratory, 
Dr. Edward Flynn had spent his ca- 
reer working on nuclear physics. Then 
in 1981 his wife had a heart attack 
and fell into a coma, lingering uncon- 
scious for more than a year before she 
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died. “I became aware that there were 
no techniques available to know what's 
happening in the brains of comatose 
people," he declares. *Doctors are lim- 
ited to primitive techniques, such as 
shining a light in the patient's eyes, 
in trying to determine which areas of 
the brain are or are not working.” Now 
Flynn is using MEG to study coma. 
His hope is "to look at a comatose pa- 
tient and actually measure responses 
having to do with thinking— not just 
reflexes." 

MEG has also given new insights 
into the ordinary processes of mental 
activity. Gallen, at the Scripps Clinic, 
points out that tones heard by the ear 
are processed within a region of the 
cerebral cortex called the Heschls 
gyrus. Tones of different pitch or fre- 
quency produce brain signals at mea- 
surably different locations within the 
Heschls gyrus. "It's laid out like a 
piano keyboard," he says. 

At New York University Samuel 
Williamson has used this knowledge 
to study the process of paying atten- 
tion. He played two different tones at 
the same time, one high pitched, the 
other low. They would thus stimulate 
different parts of the Heschls gyrus, 
producing responses that could be dis- 
tinguished because they would come 
from different locations. Williamson 
then asked his subjects to consciously 
pay attention to one tone or to the 
other. He discovered that paying at- 
tention actually meant turning up the 
amplitude of the signal produced by 
the appropriate tone, and turning 
down the other. "What you're ignor- 
ing, you're really turning the volume 
down on," he says. 

While the range of research oppor- 
tunities continues to expand, MEG in- 
struments themselves are becoming 
more powerful and easier to use. The 
original one-channel magnetometer of 
1983, for instance, has given way to 
one of seven channels, which is capa- 
ble of making measurements in seven 
distinct locations within an area about 
five inches across. Two such instru- 
ments working side by side offer 14 
simultaneous measurements, greatly 
speeding up the process of mapping 
brain activity. Even so, it can take sev- 
eral hours to make a complete map. 
As a result, Williamson and his col- 
leagues at NYU have ordered a sys- 
tem with 128 channels, each with a 
separate SQUID. 

Liquid helium refrigeration is an- 
other area where improvements are 
coming. ^We spend $30,000 a year for 
the helium," says David Dull, a com- 
puter engineer at Scripps. I ask if I 
might see some. Could he bring in a 
sample of it in a plastic foam cup? I 
expect it to resemble liquid nitrogen, 
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which can easily be carried in such a 
cup—boiling slowly as it absorbs heat, 
bubbling like champagne, and form- 
ing a white mist at its surface as mois- 
ture condenses within the adjacent air. 

"I can’t bring it in a cup,” Dull re- 
plies. “But l'll show you what it is 
like.” He leads me to a large barrel-size 
metal container. “That’s our Dewar of 
liquid helium.” Next he trundles in a 
thick steel cylinder full of compressed 
helium gas. He attaches a rubber tube 
to the cylinder and pushes the tube's 
other end into a port on the Dewar. 
Then he takes out -a long metal pipe 
and pushes one end into another open- 
ing at the Dewar's top. “I’m going to 
use helium gas from the cylinder to 
put pressure on the liquid helium so 
it will flow out of this pipe." 

He turns a valve at the cylinder's 
top. There is a loud chugging sound 
as helium gas begins to flow out 


t NYU 
one graduate student 
was in high demand 
because her head was 
remarkably spherical 


in shape p » 


through the open pipe. A thin stream 
of mist forms, shooting from the end. 
“Even this tubing is well insulated," 
Dull adds. “It will get much colder in 
a moment." Suddenly, as the hiss con- 
tinues, he stands there holding what 
looks like a blowtorch—but one that 
produces a flame of cold, not heat. A 
thick, dense white stream of vapor 
shoots outward, but there is no lique- 
fied gas to be seen. "Dont put your 
hand in, if you value it," cautions 
Gallen. "You'd get severe frostbite.” 
The liquid helium is so cold that it 
freezes the air into a white plume of 
liquefied-gas droplets. At the same 
time, the helium warms up so quickly, 
it evaporates and turns to gas as soon 
as it leaves the nozzle. All this is dif- 
ferent from liquid nitrogen, which 
warms up much less readily. You can 
pour liquid nitrogen onto the floor, 
where it will break up into drops that 
dance in quick motions like water 


splashed on a hot baking pan. But liq- 
uid helium never lasts long enough 
to get anywhere close to the floor. Its 
very low heat capacity is an impor- 
tant reason it is difficult to use. 

“Much of the volume within our 
magnetometers, those large white cyl- 
inders, is actually taken up by Dew- 
ars, which are like thermos bottles 
and are full of liquid helium," Dull 
remarks. Like a thermos jug, a Dewar 
places the inner chamber, containing 
liquid helium, within a vacuum, which 
serves as an excellent insulator. Nev- 
ertheless, heat slowly penetrates, and 
the helium evaporates and is lost. 
“Were hoping that future models will 
have a closed-cycle helium refrigera- 
tor" That would reliquefy the helium, 
rather than allowing it to boil away, 
and it would drive down the cost. 

Still another area for improvement 
is the signal processing that turns the 
measured brain waves into maps of ce- 
rebral activity. The data must be proc- 
essed with the aid of a mathematical 
model, a set of equations that repre- 
sent the shape and characteristics of 
the head and brain. One common mod- 
el represents these anatomical fea- 
tures as being spherical, which makes 
the calculations simple. Indeed, at 
NYU one graduate student was in 
high demand because her head was 
remarkably spherical in shape. As a 
result, the simple math models were 
particularly accurate. 

But most heads are not like that. 
To make this point, Gallen walks over 
to a cabinet and pulls out a human 
skull. He undoes two hooks. The en- 
tire cranium, or region above the eye- 
brows, comes off. "Look how the bone 
is thicker in the back and front, thin 
at the sides. Also, it's not a sphere; 
it's an oval." These irregularities must 
be taken into account in seeking more 
accurate interpretation of the MEG 
data. 

To do this, Gallen expects to rely 
on other techniques for medical scan- 
ning, such as a computerized tomog- 
raphy, which forms clear images of the 
head in cross section. These images 
then will serve to develop computer- 
ized models that represent the true 
shape of the skull and brain. 

As MEG moves toward routine clin- 
ical use, it is likely to be accompa- 
nied by such advances as 100-channel 
magnetometers for faster scans, liquid- 
helium refrigerators to lower costs, 
and supercomputers to give particu- 
larly accurate interpretations. "My bet 
is that this will become an important 
technology," explains Gallen. "These 
images may become as important to 
psychiatry and neurology as are X-ray 
images to internal medicine, or the 
microscope to pathology." "B 


Basic transportation comes with refinement these days, as major Japanese manufacturers, 
including Suzuki (under the brand-new Geo name), Honda, Toyota, and Mitsubishi rework 
their basic sedans into subcompacts that offer amenities along with economy. On the track, 
the PoPULAR SCIENCE test team reveals that these cars are no slouches in performance either. 


By DAN McCOSH 
Photos by Dick Kelley 
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he Japanese economy cars that 

hit the United States a decade ago 

like hyperactive adolescents are 
starting to mature. Not quite as cheap 
as they used to be, they aren't quite as 
basic either, with even the low-priced 
subcompacts shedding the British-in- 
spired go-cart suspensions and flimsy 
substructures that characterized the 
Rising Sun entourage 10 years ago. 

The Honda Civic, Toyota Corolla, 
Mitsubishi Mirage, and Geo Metro 
(sold by Chevrolet) have evolved from 
basic econoboxes to include some of 
the trappings of sports sedans and 
even luxury cars—including multi- 
valve engines, sophisticated suspen- 
sions, and ergonomically supportive, 
if not quite posh, interiors. 

The quartet PoPuLAR Science tested 
spans the range of current thinking 
about what an economy car ought to 
be. Pare back to the minimum, and 
you get the Suzuki-built Geo Metro, 
with its 93.1-inch wheelbase and 
three-cylinder one-liter 55 horsepow- 
er engine. Stretch the concept to the 
other extreme, and you get the Mitsu- 
bishi Mirage, with its compact-size in- 
terior, 96.7-inch wheelbase, and 
enough luxury features to get some 
sideways glances from Audi owners at 
stoplights. 


Middle-class respectability 


Early Japanese economy cars, be- 
reft of style, room, and power, often 
seemed de rigueur for the hoping-to- 
be upwardly mobile among us, such as 
the recently divorced and other insol- 
vent types. But our test group puts the 
Japanese motor industry at the cross- 
roads of gaining solid, middle-class re- 
spectability in the United States, 
where standard four-door intermedi- 
ates have traditionally held sway. 

Power upgrades set the tone for the 
overall evolution of the species. Hon- 
da's new 1.5-liter 16-valve engine is 
up 16 hp compared with the old Civ- 
ic—to 92 hp at a dog-barking 6,000 
rpm. It's a huge increase considering 
it was done without enlarging either 
the engine's displacement or its over- 
all size. The key is a new multi-valve 
head with a single overhead camshaft 
and a tricky two-point electronic fuel 
injection system that stages fuel flow 
in low- and high-rpm ranges. 

Toyota's new 1.6-liter 16-valve en- 
gine for the Corolla upgrades horse- 
power 22 percent, to 90 hp at 6,000 
rpm. But Toyota goes a different route 
by driving the multi-valve head with 
dual-overhead camshafts, eliminat- 
ing the need to cram the 16 cam lobes 
onto a single camshaft like an over- 
packed shish kebab, as is done on the 
Honda engine. 

Mitsubishi's 1.5-liter 81-hp power 
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plant is relatively unsophisticated by 
comparison, with a single overhead 
camshaft and two valves per cylinder. 
Its low power output is partially justi- 
fied by the availability of a 135-hp 
turbocharged twin-cam version. 

The Metro's three-banger is one of 
those ingratiating mechanical oddi- 
ties—a four-stroke three-cylinder en- 
gine—that at first gives you the urge 
to reach out for a kickstand when 
parking. New electronic fuel injection 
increases power by 15 hp to 49 hp at 
5,700 rpm, making it a reasonably 
powerful engine for the car's 1,640- 
pound curb weight. There is surpris- 
ingly little vibration except at idle, 
when the tip of the gearshift tends to 
shake like a rattlesnake's tail. 

The two-digit horsepower ratings 
strapped to lightweight frames mean 
these cars are lively, but by no means 
spectacular. The Honda clocked a 0- 
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to-60 mph time of 12.2 seconds, edging 
out the Corolla LE by a half-second. 


The Mirage had a sedate 14.1-second ` 


run, with the Metro tripping the clock 
at 15.3 seconds. Perhaps more signifi- 
cant was the overall drivability, with 
each member of the group pulling 
away smoothly at low engine speeds, 
despite the high rpm ratings for the 
maximum horsepower. I'd credit this 
to the effectiveness of the new fuel- 
injection systems, which make maxi- 
mum torque available at relatively 
low engine speeds. 


Chassis advances 


Matching the progress in engines 
are new chassis and suspension de- 
signs—all substantially reworked and 
refined. In fact, my first impression of 
the new Honda Civic was that the car 
has been upgraded into the realm of 
the nameplate you lusted after early 
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in life, but was affordable only for 
your rich uncle. It’s an impression 
partially confirmed by noting that to- 
day’s Civic line covers a far broader 
range of models and prices than the 
line it replaces. 

There’s still a base Civic two-door 
that carries a sticker price of just over 
$6,000—scarcely more expensive 
than the previous model. The 98.4- 
inch wheelbase four-door we tested, 
introduced at the beginning of the 
1988 model year, is a two-inch stretch 
over last year’s Civic, and is actually a 
tad longer than the previous genera- 
tion Accord. It’s also heavier and an 
inch or so lower at the roof line. The 
‘price of our test car slipped over the 
line into five figures—something un- 
heard of for a Civic a generation ago. 


A similar pattern has evolved at 


Toyota and Mitsubishi, with prices for 
the sought-after four-door sedans es- 
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calating faster than those of the base 
models. (According to the National 
Automobile Dealers Association, the 
average price paid for a car in 1987 
[the latest available statistic] was 
$13,800.) 

The new four-door Civic is not only 
larger than the old Accord—it offers 
some substantial improvements over 
even the older higher-priced car. 
There is full wishbone suspension, 
front and rear, for example. Early Civ- 
ics had an effective but noisy torsion- 
bar front suspension, which was re- 
placed with a system that was a 
hybrid between the MacPherson strut 
(because it incorporates a spring-over- 
shock setup) and upper and lower A- 
arms. The new wishbone suspension 
lowers the front of the car and also 
relieves the shocks of side loading, so 
they slip and slide freely. 

At the rear the suspension is even 
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Featuring rock- 
bottom price tags, 
but with refined 
accoutrements, the 
basic transporta- 
tion test group 
awaits the POPULAR 
SCIENCE test crew. 
Arranged clock- 
wise from top, they 
are: Geo Metro, 
Toyota Corolla, 
Mitsubishi Mirage, 
and Honda Civic. 
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more sophisticated, incorporating a 
forward-facing link on a trailing arm 
that controls toe-in during hard cor- 
nering. It’s effective enough to allow 
the use of big, soft rubber bushings to 
soak up road noise, while the link 
keeps the metal pieces in line. Rear 
suspensions that promote rear toe-in 
offer a poor man’s rear-wheel steering 
because it can keep the rear end of the 
car tucked in on hard corners. 


Cornering ability 


If this sounds as if it gives the 
Honda a technical edge in handling 
over the rest of the cars, it’s supposed 
to. The Civic’s high-speed lane change 
was limited only by the tire grip at 
70.7 mph, while the Mitsubishi carved 
through the cones at 66.9 mph, com- 
pared with Metro’s 66.4 and the Toyo- 
ta’s 62.8. 

Slipping through the low-speed 
cones, the Civic’s 34 mph was margin- 
ally edged out by the Mirage’s 34.5 
mph, compared with the Metro’s 32.4 
mph and the Toyota’s 31.4 mph. 

The new Mitsubishi Mirage pressed 
the Honda hardest, with a suspension 
design that is something of a techno- 
logical throwback. Mitsubishi re- 
placed a fully independent suspension 
with a twisting-beam rear axle simi- 
lar to that used by Audi and Chrysler. 
The twisting beam solidly locates the 
rear wheels relative to each other, 
while each end of the beam is support- 
ed by a trailing arm sprung with a 
modified strut. It’s a simple but effec- 

Continued 
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TEST RESULTS 
Acceleration (sec.) 
0—30 mph .. 
0—60 mph .. 
Brake test 60-0 mph 
Stopping distance (ft.) ................ 
Pedal pressure, cold (Ibs.) 
(0.5-g stop) 
Pedal pressure, hot (Ibs.) 
(0.5-g stop) 
Handling test (mph) . TURNS. 
Maneuverability test (mph) TS eye 
Interior noise (dBa) 
At idle ................... 
At 60 mph 


EPA FUEL MILEAGE (mpg) 


is ssi 
| City . 


‘DIMENSIONS (in.) 
‘SPECIFICATIONS 

Engine type . a 
Displacement (c (cu. in. iter). 


| horsepower & rpm . 
Net torque (Ib.-ft.) © D rpm - 
Transmission 


Turn diameter: m 


| -| with anti-roll bar 


| Brakes .. : Sa Disc/drum Disc/drum 
Curb. weight dbs.) . ee : 2,138 
F/R weight distribution (96) .. 7/53 60/40 
Fuel tank (gal.) .. ecran EO 11.9 
Trunk volume (eu. f) EPSO Gd e SAU ne |122 
1 $10, 242! 


Major options (over $100): *Not available A/C $645, AM-FM cassette $275; ^A/C $722, AM-FM cassette $536; 


3A/C. $745, power steering $245, AM-FM $210, convenience package $135- 
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tive design that seems to depend 
heavily on tuning to eliminate poten- 
tial harshness. Mitsubishi engineers: 
told me the change was made to aid 
camber control—although it's sure to 
be simpler and cheaper to manufac- 
ture. Regardless, the twisting beam is 
quieter and more precise than the 
Mirage's previous independent rear 
suspension. 

In fact, it was tough to pick between 
the svelte quickness of Honda and the 
solid wheel planting of the Mitsubishi 
in traffic. Personally, I prefer the 
sportier feel of the Civic, but the 
smoothness and predictability of the 
Mirage are definitely a bonus. 


Handling limitations 


The other half of our test group per- 
formed adequately in the handling 
maneuvers, but their limitations 
quickly became apparent. Compared 
with earlier Corollas, the new car 
feels far more substantial. Extra chas- 
sis and body refinements make it 
seem quiet as grandma's parlor, an 
impression also helped along by extra 
rustproofing and sound-deadening 
laminated panels in the body. 

The new Corolla sticks with an all- 
around MacPherson-strut suspension, 
including a fully independent rear 
end. It's a simple, effective design, 
which handles rough road surfaces 
nearly as well as Honda's more com- 
plicated wishbones. Toyota's suspen- 
sion upgrades include front and rear 
subframes to isolate engine and sus- 
pension noise; altered control-arm di- 
mensions to improve roll and camber 
control; and modifications in the rear 
stabilizer bar. Despite these changes, 
the Corolla LE model we tested 
pushed hard on the front tires when 
cornering and felt light at the rear end 
in the high-speed lane change. The 
lack of a front sway bar, which comes 
on the upscale deluxe model, seemed 
the culprit. 

Chevy's new Geo Metro, which I ex- 
pected to be cramped and slow, proved 
almost exactly the opposite: roomy, 
quick, and fun to drive. Interior space 
was surprising; and the growling 
three-banger had an exhaust note 
that grew on us as we churned 
through the test track. Often the Me- 
tro felt quicker than its slow 0-to-60 
mph times might seem to indicate. 

But we were hard-pressed to keep 
all four wheels in contact with the as- 
phalt in the high speed lane change, 
where the car wobbled like a kid on a 
three-legged stool reaching for the 
cookie jar. Low tire grip and lack of 
roll control kept the Metro from tak- 
ing advantage of its narrow track and 
light weight on the handling course. It 
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The name Vaillant has long stood for quality. 
Quality reflected by building in many features for 
which you'd pay extra on other boilers. To name but 
a few: 

Stainless steel burners for a longer boiler life. A 
Piezo electronic ignition, which enables you to 
relight the pilot simply by pushing a button. A fully 
enclosed outer jacket, not just for eye-appeal but for 
extra safety as well. And there are more. 

But equally important is the energy efficiency 
built into every Vaillant boiler. This is derived in part 
by economical gas energy —in part by cast iron heat 
exchangers, giving Vaillant an efficiency range of 
83% to 86.1%. And giving you lower heating costs. 
Hae For more information, write Vaillant 
today. 


- - rss " 
<4 Vaillant 
Vaillant Corp. 

2607 River Road, Cinnaminson, NJ 08077 


On Vaillant gas boilers, 
our standard features are the 
other guys’ options. 


For comfort you can afford, 
choose gas— Americas 
favorite way to heat. 


New finishes and fabrication tech- 
niques allow you to use wood easily in 
innovative ways (below) and in areas 
that were once taboo (left). | 
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By TIMOTHY O. BAKKE 
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Laminated 


these products are not just studies 


idi easier IO instal in appearance. In most cases they 
—e@asier fo care for at es mbet 


counterparts. 

"The same is now true for wood floor- 
Nice wood floor. But wait a minute... look again. It may not !ng Many wood floors I've seen re- 
: a | ; . cently could easily pass for solid wood. 
be the kind of solid hardwood floor you're used to. New lami- But in the new flooring, which is lam- 
| : | | > a | inated and prefinished, beauty is only 
nated prefinished wood-floor systems can be easily installed skin—or at least Y% inch—deep. The 
over just about any floor, and their factory-applied coatings flooring is basically cross-laminated 
E —_ : | | : plywood with a top layer of high- 

are said to be so strong and impervious that they can survive quality hardwood. 


heavy foot traffic and hostile environments like the kitchen, This alternative to conventional 
wood flooring is a relative newcomer 


with its spills and messes. to the United States. Much of the lam- 
inated flooring available in the. United 
States is imported from Europe, where 
it has has been common for years and 


ow more than ever, appearances 
can be deceiving. Solid-surface 
manufactured counter tops look 
and feel for all the world like natural 
marble or another stone. Pressed 
hardboard siding convincingly imper- 
sonates real lap siding. Concrete 
retaining-wall blocks are a double for 
rough-hewn granite. What's more, 
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has gained a reputation as a reliable 
—and in many cases preferred — wood 
flooring material. It can be glued down 
or “floated” over a foam underlayment, 
approaching an ease of installation 
that almost any homeowner can mas- 
ter (see “Float a Fancy Floor,” this 
issue). The only problem with it has 
been that anyone familiar with solid 
wood flooring could identify it quickly 
because of its piecemeal, patterned ap- 
pearance compared with the random- 
ness of a true solid plank or strip wood 
floor. Now there are products made in 
the United States that are said to have 
overcome that handicap. I spoke with 
representatives from large flooring 
suppliers to find out more about pre- 
finished laminated wood floors and 
what they mean to the homeowner 
who wants to install one. 


Plywood floors 


Take a piece of plywood, 
glue on a thick hardwood ve- 
neer, and finish the surface 
with a hard, stain-resistant 
ultraviolet-light-cured ure- 
thane finish. Now glue the 


ish company introduced its product 
nationwide. The flooring immediately 
gained acceptance, primarily because 
the product provided a prefinished no- 
wax, no-maintenance linear floor with 
square edges [as opposed to beveled 
edges] that also could go directly on a 
concrete subfloor." 

All laminated flooring, except Hart- 
co's Pattern Plus (see caption), is of a 
cross-laminated plywood construction, 
where the grain of alternating plies 
is placed at 90 degrees to each other. 
The beauty of a laminated product is 
dimensional stability: It can be used 
in applications to which solid wood 
flooring is not well suited, such as over 
existing floors and concrete slabs, or 
in areas like the kitchen, where spills 
and heavy traffic have traditionally 
posed problems for wood. Also, ply- 
wood can be finished in the manufac- 
turing process to closer tolerances 


plywood to the existing floor | _ ic ^ Š 


or lay it over a ¥s-inch blan- 
ket of closed-cell polyethylene 
foam. That, in simplified 
terms, is what you get with 
a laminated wood floor. Any 
homeowner can have a wood 
floor over any subfloor—often 
even below grade—in just 
about any room in the house. 
Of course, for years home- 
owners have been able to 
enjoy a wood floor where strip 
or plank flooring wasnt prac- 
tical by using glue-down 
solid-wood parquet flooring. 
However, parquet, which is 
made of tiny segments of 
‘wood pieced together like a 
mosaic, has limitations. The 
jigsaw-puzzle effect. may clash 
with your decor, and over 
time individual pieces may 
loosen with contraction and expansion 
and “click” when you walk on the floor. 
Laminated flooring can provide you 
with the linear look of planking, and 
the larger sections in a glue-down ap- 
plication will be less likely to work 
free. There are now at least eight com- 
panies selling laminated wood floors, 
besides Tarkett, maker of one of the 
systems used in “Float a Fancy Floor” 
(see the box at the end of this article). 
“European-style laminated flooring 
got its start in the United States in, 
of all places, the Pacific Northwest,” 
says John P. Stern, president of Ken- 
tucky Wood Floors. “That kind of 
flooring was available only regionally 
until several years ago, when a Swed- 
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Hartco’s Pattern Plus is backed by cross-grained wood slats 
—with tongues and grooves machined into the edges—in- 
stead of plywood (see drawing in “Float a Fancy Floor”). 


than solid wood, and you have less of 
a problem with warping and bowing. 

The number of plies in laminated 
flooring ranges from three—in the 
Kährs (% inch thick), Kentucky Wood 
Floors (94s inch), and Robbins/Sykes (12 
inch) products—to five—in the Ander- 
son (94e inch), Bruce (% inch), and 
Mannington (94s inch) flooring. The 
number of plies in BiWood flooring 
varies with the thickness of the ma- 
terial: four, six, seven, and eight plies 
in its 54e-, %-, ¥e-, and 5s-inch-thick 
flooring, respectively. 

"Generally, the more plies you have, 
the stronger the product," says Rob- 
ert C. Brown, president of BiWood. 
"Our ¥s-inch Oak Plank, for example, 
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has eight plies and so is really strong- 
er than %-inch lumber [the thickness 
of conventional solid wood flooring] be- 
cause of all that cross banding.” 

Although cross lamination does 
have its dimensional strength advan- 
tage, there is a disadvantage: "The 
more plies you have," Kentucky Wood 
Floors’ Stern told me, “the thinner the 
top layer of hardwood is going to be." 
The top layer of BiWood's flooring is 
two millimeters, or just over 12 inch, 
while those of the Anderson, Bruce, 
and Mannington products are about 
/$ inch. Those of Hartco, Kahrs, and 
Kentucky are % inch thick, and 
Robbins/Sykes boasts a Ve-inch finished 
oak face. 

“I always maintain that the face 
thickness is really a moot point," says 
Mike Barrows, technical services man- 
ager for Mannington Wood Floors, 
which began manufacturing lami- 
nated wood floors in the 
United States about 21/2 years 
ago. “The only time you'll be 
concerned about the thick- . 
ness is if you’re going to sand 
the face. With today’s extra- 
hard no-wax factory-finished 
urethanes, you'll never have 
to sand as long as you main- 
tain the finish properly and 
renew it before you wear 
through to the wood. Even so, 
the floor will withstand a cou- 
ple of sandings—we figure 
our floors are good for at least 
fifty to sixty years.” 

As important as the face is 
for appearances, the plywood 
core is also important be- 
cause that, after all, forms 
the bulk of the flooring. Some 
European-made flooring has 
a softwood core; other lami- 
nated flooring, including the 
material made in the United 
States, has a hardwood core. 
What’s the difference? 

“If the floor has a softwood 
core,” says BiWood’s Brown, 
“it can absorb moisture at a different 
rate than that of the hardwood face 
and buckle unless you've taken elab- 
orate measures to prevent the pres- 
ence of moisture. It's best to use a 
core that is about the same density 
as the face. The result is a balance in 
the construction of the flooring." 


Fabulous finish 


_A feature most of the prefinished 
laminated floors have in common is 
the no-wax finish. Whether it's called 
Ultra Violet Urethane, Swedish Fin- 
ish, or UV-Cured Urethane, the coat- 
ing is a super-tough factory-applied 
urethane that goes on in up to four 


[Continued on page 118] 
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ARIO FERRO 


These remarkable imports 
go down—without nailing— 
atop almost any existing 
flooring or naked subfloor. 
The hardwoods (which can 
be oak, ash, beech, or exotics, 
such as Merbau and Rubea) 
are prefinished for low main- 
tenance. POPULAR SCIENCE 
tried two different installa- 
tion systems: the Dutch 
import uses a unique inter- 
face with square-milled hard- 
board pieces. The Swedish 
system glues tongue-and- 
groove planks into a wall-to- 
wall membrane. 


Self-adhesive 


board-at-a-time 
assembly 


By SUSAN RENNER-SMITH 
Photos by John B. Carnett 
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loat a fancy floor 


Qn were 


just placed together on my floor. *Notice that we took 

wood directly from a standard package and made a 
custom pattern out of it," he said. "Because this floor is 
not tongue and groove, you can create any design you want 
just by cutting standard lengths." 

Tallini, regional sales manager for Rowi USA (importer 
of flooring materials produced in Holland), had come to 
start me off on installing a Rowi hardwood floor in my 
attic bedroom suite. We were putting the floor down over 
a waferboard subfloor. 

I chose the dramatic Marie Antoinette pattern from a 
page full of parquet designs in the Rowi literature. For 
the lighter-toned squares (each made up of five pieces 
13% inches long) I chose Rubea. The dark accent strips 
(34 inches long) are a wood called Merbau. 

To echo the lines of the room's cathedral ceiling, we 
decided to install the pattern at a 45-degree angle to the 
walls. A more conventional design would have speeded 
installation, but the results justified the extra work. 

Like the Tarkett floor Home & Shop Editor Al Lees laid 
(see companion article), the Rowi floor is a hardwood sur- 
face that "floats" over a foam pad. The polyethylene foam 
functions as a sound barrier for both floors, and allows 
installation without nails. But the similarity between the 
two floors ends there. 

The Rowi system has an extra installation layer: an un- 


pi ob Tallini looked up from the parquet pattern he'd 
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derlayment of medium-density hardboard goes down at a 
45-degree angle to the top layer of solid hardwood boards 
(see drawing). Both layers are backed by a bright-green 
pressure-sensitive adhesive that's slightly tacky. 

The basic directions for laying the floor are simple. You 
level the subfloor (if necessary), lay the foam blanket, and 
put down the hardboard panels with the adhesive side up. 
Next, you lay the hardwood boards, piece by piece, with 
the adhesive side down. A few blows with a rubber mallet 
activate the adhesive, which sets up fully in 24 hours. 

Sound simple? It is, especially if you lay a conventional 
straight-planking floor. If you choose a showy custom floor 
such as the one I installed, you need to plan the place- 
ment of the first completed pattern block, or centerpiece, 
carefully. 

"Starting in the center of the room is not that critical if 
you're just laying plain random plank flooring," Tallini 
explained. “But when you lay a pattern, whether it's her- 
ringbone, parquet, or an original design, you want the 
pattern centered in the room. So we'll make the center- 
piece before we even lay the foam blanket." 

Continued 
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Lakap floor plan created trim problems for diamond — 


tern centered on platform bed. Every piece that butted walls, 
stairwell, or built-ins had to be trimmed at 45°. Layered sys- 
tem is sketched at right. Gap all underlayment planks using 
Va-in. hardwood piece set on edge as spacer. 


Resting a knee on 
the foam-pad roll, 
the author stacks 
three '4-in.-thick 
hardwood pieces 
to mark clearance 
needed for swing- 
out cabinet doors, 
later removed for 
trimming. A Sealing 
butt joints of foam 
pad with water- 
proof tape is espe- 
cially important if 
floor is being laid 
over concrete: 
Foam serves asa 
vapor barrier. 
Align the pointsof 
the centerpiece 
pattern with center 
lines snapped on 
the foam. A 5-ft. 
straightedge helps 
while pattern is 
moved as a unit. 
Tallini gives 

the author advice 
on hammering. 
Always work from 
the wood, both to 
protect adhesive on 
adjacent underlay- 
ment and to facili- 
tate tight butting 
strips. Don’t ham- 
mer down strips, 
such as the dark 
onein the right 
foreground, until 
all adjacent pieces 
are placed: Leaving 
pattern strips loose 
makes it easier to 
fit in the field 
pieces. El Underlay- 
ment planks must 
also be notched 
around fixed units, 
such as platform 
bed. Always leave 
a ?4-in. gap at 
edges. 
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As he talked he slit open one of the plastic-wrapped 
packages along both sides and tugged out several hard- 
board panels. He flexed them over his knee to separate 
the slightly tacky surfaces. 

“We need enough underlayment to tie the pattern to- 
gether," he explained, as he set two of the hardboard pan- 
els side by side. 

"No matter what the design, we lay the hardboard in a 
parquet pattern," he said. "Two of these twelve-by-twenty- 
five-inch panels form a square, so well put the next two 
down at right angles to them." He added that you set out 
the underlayment only as needed, to avoid stepping on 
the adhesive as you work. 

Tallini next slanted a piece of the dark hardwood across 
the underlayment. “This crosspiece ties the underlayment 
together,” Tallini said as he pressed the dark wood in place 
and laid down a light board. With the rubber mallet, he 
hammered the seams where the boards met. 

“You don't need to hammer these Rowi planks all over 
the board,” he explained. “Just hammer along one length 
where the seams join. This snugs the two boards tight.” 

While Tallini pounded boards with the mallet, I laid 
the foam underlayment, measured the center points be- 
tween opposite walls, and snapped two chalk lines. 

Then Tallini and I picked up the completed centerpiece 
block and moved it into position in front of the platform 
bed. “Line up the four points of the pattern with the chalk 
lines,” Tallini instructed. We maneuvered the square till 


Preassembled 
fongue-ana- 
groove planks 


By AL LEES 


hardwood floors—the luxurious 

kind we've all admired in the state- 
ly homes of Europe—are now avail- 
able to do-it-yourselfers on a budget. 
You have your choice not only of a 
wide range of woods and patterns, but 
of varied installation systems. 

You'll have less creative flexibility 
with the Swedish system I chose than 
with the Dutch installation described 
in the preceding article. Tarkett's 
basket-weave pattern is preassembled 
on plywood planks 6% inches wide 
and over eight feet long. Each plank 
has an identical pattern; you create 
the basket-weave effect by offsetting the planks so the cross- 
banded squares align in every other course. Because there's 
a great deal of variation in the oak grain and coloration, 
the effect is dazzling. 

The site of my installation was the Lockbox showcase 
home I built in the mid-’70s for a series of POPULAR SCIENCE 


| had to try it to believe it. Patterned 
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it looked like a marquetry diamond inlaid on a green cross 
(see photo). 


“All you have to do is repeat that pattern down the cen-- 


ter of the room," Tallini said, "and then you fill in at the 
edges. Don't forget to leave a ?4-inch expansion gap at the 
walls and any built-ins." 

My L-shaped room, with its stairwell and built-ins, re- 
quired what seemed like countless angled cuts. Tallini sug- 
gested the job would go faster if I got a carpenter's bevel 
square. To cut the boards, Tallini scored them deeply with 
a utility knife and snapped them. But he also had an- 
other tool that speeded the task—a Crane cutter, used by 
professionals to cut vinyl tile. The tool works like a super- 
tough paper cutter, and can be rented from flooring stores. 

Once Tallini had left, it took my husband and me a 
number of days to finish the job— with the edge fitting 
consuming the most time. We then lightly hand-sanded 
the whole floor with 100-grit sandpaper, and applied a sin- 
gle coat of clear polyurethane. The Rowi floor already has 
three coats, but the final coat seals the joints. 

The last step was to cover the gaps at walls and built- 
ins with one-inch pine molding. We nailed it to the wall 
—not the floor—then laminated leftover hardwood strips 
to it with contact cement. 

The finished Rowi floor looks spectacular, and it's quiet 
and soft underfoot. Despite my husband's groans, I'm 
thinking of installing another one. This time, though, I 
plan a nice, simple random plank design. B 
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PHOTOS BY DAVID STUBBS 


EHalf-inch expansion gaps must be 
maintained at all edges as planks are 
driven together, so spacer blocks are 
inserted along walls. Note raised field- 
stone hearth at right: The end of each 
flooring plank had to be trimmed to its 
irregular shape. HAs you cover each 
width of foam pad, butt the next strip 
against the projecting edge, keeping 
the seam tight with strips of duct tape. 
ElRun 8-in. beads of glue, spaced a foot 
apart, in the groove of each plank. GFit 
the groove of a scrap piece over the 
plank's tongue, hook the TarkTool over 
the scrap, and hammer the anvil until 
the joint closes. HFit around the base 
of the circular stair was done by notch- 
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articles. Because this is a pole house, its bottom floor is 
suspended from three to eight feet above a steep slope. 
The underside is insulated and weather-closed, but still 
exposed to winter blasts. So I was intrigued by the bit of 
extra insulation the Tarkett floor would provide. 

The original floor ld laid was cushioned sheet vinyl, 
cemented directly to the glue-nailed plywood subfloor. Be- 
cause the room measures 16 feet square, ld had to seam 
the vinyl. (Most DIY sheet flooring comes in 6- and 12-foot- 
wide rolls, so in a 16-foot room a seam is inevitable.) Over 
the years, the seam had lifted in places. Before laying the 
new floor, I cemented the cupped edges back down by wet- 
ting a knife blade with epoxy adhesive and inserting it 
first under one edge, then the other; I covered the glued 
areas with waxed paper and weighted down the seam while 
the adhesive set. 


Vapor barrier? 


The vinyl sheet forms an ideal vapor barrier for my new 
floor, so I could skip the six-mil PVC layer that Tarkett 
suggests you lay if your hardwood floor is to be applied 
over concrete or anywhere else you could expect moisture 
to rise. Unlike the Rowi pad, which is a four-pound-density 
closed-cell foam, Tarkett's pad is a two-pound-density open- 
cell foam that does not function as a vapor barrier. 

There are other differences between the systems: The 
assembled thickness of a Rowi floor is between 5^6 and v 
inch, while Tarkett's will be nearly 5% inch thick. Both 
hardwood wear layers are about Vs inch thick, so it would 
be possible in future to sand and refinish either floor. How- 
ever this is a tedious job with any patterned floor because 
of the varied grain direction. (It's poor practice to sand 
across the grain of any hardwood.) 

The Rowi installation calls for an unusually wide ex- 
pansion gap—?4 inch—at all walls and where the floor 


ing two planks at a joint line. 


butts fixed objects. Most other systems—including Tarkett's 
—call for only a half inch. The wider gap would have cre- 
ated a problem in my room because of all the edges I 
couldn't cap with moldings: along the window walls, around 
the hearth. 


Start the pattern 


I began in the most visible corner, where the two win- 
dow walls meet, and started my pattern with a full cross- 
banded square by trimming the left end of a plank with a 
back saw. The first course of planks was laid with their 
grooved edge '2 inch from the base of the window frame. 
The gap was minimized by running a strip of black elec- 
trical tape along the edge of the foam pad to keep it in 
place. The black tape is used to hide the color of the origi- 
nal floor, because this gap must remain open. (Several of 
the window units are patio sliders, and any attached mold- 
ing would impede their movement.) 

The roll of Volara foam pad that Tarkett supplies is five 
feet wide. You roll out one strip of it at a time, then cover 
it with flooring, leaving enough pad exposed beyond the 
last course of planks so that you can butt and tape the 
next pad strip to it. (If you covered your entire floor area 
with the foam, you'd track debris all over it as you worked; 
and you'd risk tearing it, because the pad is fragile.) Don't 
lap these foam strips. You can use four- or five-inch tabs 
of two-inch duct tape, spaced two feet apart to keep edges 
neatly butted. 

. To hold the %-inch gap while you're hammering the 
groove of the next course of planks onto the tongue of the 
first course, you must place '5-inch spacer blocks at inter- 
vals of three or four feet along the starting wall—in my 
case, against the window frames. As you add courses, drop 
an occasional spacer block along the side walls as well. 

Continued 
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‘Severe hammering is required to seat the long planks 
snugly, and without these holding blocks you can shift 
the entire hardwood membrane. You hammer until each 
joint line closes tight, then wipe up any squeezed-out glue 
with a damp cloth. 

Always remember that this is—literally—a floating floor. 
At no point will it be anchored to the subfloor. Even at 
edges where ?4-inch molding strips are feasible, you nail 
the molding to the wall, never to the flooring. The entire 
membrane of your finished floor "floats" on the foam pad, 
gently expanding and contracting. as weather and heat- 
ing conditions alter. 

At the far side of the room, where the flooring butts a 
built-in counter bar faced with Spanish tile right down to 
the original vinyl floor, I didn't want to crop the geometri- 
cal tile pattern by hiding the bottom edge with the %-inch 
thickness of the new floor- 
ing. So I decided to cap this 
edge with a matching pre- 
finished oak reducer strip 


available from the supplier l THRESHOLD =- Jmm UU!!! 


of the flooring. Because this 
reducer tapers to its outer 
edge (see sketch), it ob- 
scures none of the pattern 
when viewed from above. A 
deep rabbet at its thicker 
edge caps the edge of the 
flooring and provides the 
5-inch expansion gap along 
this edge of the floor. 

This final course of 
flooring had to be 
trimmed lengthwise to 
fit. I set the reducer 
strip in place and 
scribed a line along its 
base inside the rabbet, 
then scribed a second 
line +2 inch out from 
the first. The flooring 
planks were then cut to 
fill the space between 
the last full course and 
second line. Because few 
rooms are precisely square, 
your trim cuts will probably 
give this final course a slight 
taper. For the trim work I 
found Porter-Cable’s compact circular saw—called Saw 
Boss—ideal. The six-inch blade is positioned on the left- 
hand side for greater visibility. 

I continued the reducer strip treatment the full room 
width, here, because at the end of the counter the strip 
serves as a threshold to a kitchen floor beyond. Also the 
effect was neater if this strip continued past this entry 
and along the wall behind the stair. 


FIREPLACE CHASE 


Comparing the systems 


How does the Tarkett installation compare with Rowi's? 
Even though you're working with bigger sections of flooring 
at a time—the patterned planks—the Tarkett system will 
probably take you longer. The planks are 2-inch plywood, 
so they must be sawn. This becomes especially tricky when 
fitting around an irregular object, such as my fieldstone 
hearth. You must first make a precise paper template and 
transfer this pattern to the back of the butting plank. 
(Because a saber saw cuts on the up stroke, always cut 
from the back to avoid splintering the good face. You'll 
find that the finished face of Tarkett planks won't splinter 
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Tarkett system is superimposed on floor plan of Lockbox 
living room. Each tongue-and-groove plank is a three-layer 
lamination. Planks are glued into one large membrane 
floating on a foam pad. Only the reducer strip is nailed. 


readily. The hardwood is pressure-bonded to the core layer, 
and the acrylic polyurethane finish is rugged.) 

My circular stair also required fitting of the planks that : 
butted its base and the end post of the railing; both of 
these were anchored to the original floor. Accurate card- 
board templates were the key. Their patterns were trans- 
ferred to the back of the panels that needed trimming. 

Unlike the homeowner in the preceding article, I had 
no visiting pro to get me started. I’ve laid many floors, 
but never one of prefinished hardwood. Tarkett's instruc- 
tion sheet clearly shows how you lay the beads of glue in 
both the long edge groove and short end groove of the 
plank you're installing. You fully glue the end joints, but 
apply only eight-inch-long beads spaced 12 inches apart 
in the side grooves. I differ with the instruction sheet, 
however, when it lists the TarkTool as "optional" Dont 
even try to pound an eight- 
foot plank securely home 
without this tool, which 
consists of a steel bar with 
a flange at one end to hook 
over the edge of the scrap 
block you've fitted onto the 
protruding tongue you 
dont want to damage. At 
the bar's other end is 
welded a sturdy anvil for 
striking with your ham- 
mer. When using the Tark- 
Tool, always spread a scrap 
of toweling under it so that 
its movement won't scratch 
the surface of the plank » 
||| you're driving in place. 
To keep the flange from 
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with the scrap block as 
you hammer, you'll need to 
keep your foot lightly on 
it. It's hard to keep the 
edge of the flange from cut- 
ting through the foam; but 
because this foam isnt a 
vapor barrier, these little 
slits dont matter. 


Future repairs 


If trimming and install- 
ing the thinner pieces for 
a Rowi installation go easier and faster, does the Dutch 
system offer any other advantage? Perhaps. 

A bad mar on a Tarkett plank presents a repair prob- 


lem. Because each plank is locked in place by tongue-and- 


grooved edges and ends, it is difficult to remove and replace. 
Rowi claims you will be able to easily pry out a damaged 
piece of its hardwood and replace it with a good one. (You 
will destroy the original adhesive interface, of course, so 
you would have to apply contact cement.) 

So pick your system. One thing's assured—either way, 
you end up with a spectacular floor that's warm and cush- 
ioned underfoot. And it's a floor you can install yourself, 
at your own pace. 


Rowi flooring is distributed by Rowi USA, 405 E. Hiawatha Blvd., Syracuse NY 13208. 
The Merbau/ Rubea floor shown retails for about $8 per square foot, including pad and 
underlayment. 


Oak Nature Basketweave retails for about $7 per square foot, including the pad. It's distri- 
buted by Tarkett, Hardwood Division— North America, Box 300, Rte. 9, Riverview Rd., 
Johnson City TM 37605 ` 
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electronics through independent study. Consider this. 
We teach over 25,000 students from all over the 
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we've been doing it for over 50 years, helping 
thousands of men and women get started in 
electronics careers. 
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start at a higher level. But wherever you start, you 
can go as far as you like. You can even earn your 
Associate in Applied Science Degree in Electronics. 

Let us get you started today. Just call toll-free 
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BY DAWN STOVER ; 


_ 


Car of the year—here! A 
Peugeot’s Pininfarina-designed front-wheel-drive 405 
sedan makes its U.S. debut this year. The DL (above) 
and S models have transverse-mounted 1.9-liter over- 
head-cam engines, while the Mi 16 has a 16-valve 
double-overhead-cam engine. The 405 won Europe’s 
Car of the Year award in 1988. Prices: $14,500—$20,700. 


« Surrogate pilot 


ADAM, the U.S. Air 
Force’s Advanced Dy- 
namic Anthropomorph- 
ic Manikin, will ride an 
experimental ejection 
seat at speeds up to 
800 mph. The dummy’s 
limbs and joints are 
designed to simulate 
a fighter pilot’s body 
responses, enabling 
researchers to test 
the seat’s ability to 
protect a pilot from 
injury. 
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Plastic tractor A 
GE Plastics’ SAM (Systems for Automated 
Manufacture) lawn and garden tractor 
concept uses far fewer parts than a con- 
ventional vehicle. The two- - 
piece chassis, made of a ther- 
moplastic composite that acts 
as its own suspension system, 
is an assembly platform for 
snap-on parts. 


D Bag tagger 


This thermal printer makes 
bar-coded labels for baggage 
and boarding cards, saving 
an average of 24 seconds of 
check-in time per passenger, 
claims its maker. To foil ter- 
rorists, the cards are checked 
at the departure gate: If 
the passenger doesn't board 
the flight, his baggage is re- 
moved. Atech AB, Box 123, 
431 22 Molndal, Sweden. 


Composite four-seater A 
Earlier this year, Air Shark I—the first kit-built Air Shark 
—set a world speed record of 200.77 mph for its class of 


light amphibians. Freedom Masters of Satellite Beach, Fla., 
sells the kit for $28,000; a finished plane costs more. 


Picture phone 


Can't remember a friend's number? 
Many phones can be programmed 
to dial it automatically —if you know 
which button to press. Forgetful cal- 
lers may prefer Northwestern Bell 
Phones' (Omaha, Neb.) PhotoTouch. 
Its nine-number memory corres- 
ponds to slots for pictures or sym- 
bol cards. 


Tilt-rotor aircraft debut A 


The Bell Boeing TiltRotor Team recently rolled out the first V-22 
Osprey prototype. It takes off and hovers like a helicopter but flies 
like a plane [July '87]. The first V-22 will be delivered to the Marine 
Corps in 1992, but tilt-rotors may also be built for civilian use. 


— 


Quick-change vehicle A 


Two people can convert the Terra Multicar into a panel 
van, five-seat wagon, or pickup truck in 10 minutes. Wrap- 
over sections slide into the vehicle's rear portion. Kamei 
GmbH & Co., Box 3580, 6200 Wiesbaden 1, West Germany. 


«Wave rider 


Three Japanese companies 
joined forces to design this 
semi-floating marine struc- 
ture—said to be stable in 
tides, large waves, and un- 
derwater earthquakes. Its 
floating deck is supported 
by cylindrical legs that con- 
tain ballast tanks. Lined 
with rubber fenders, the 
bottoms of the legs ride up 
and down on pipes pro- 
truding from a structure 
driven into the seabed. 
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Lower the mainsail quickly and neatly A 


The Dutchman sail-handling system consists of vertical lines and 
grommets that cause the flakes of a boat's mainsail to fall neatly 
on alternate sides of the boom, thus reducing wear and tear on 
both sail and sailor, says Mar- 
tinus Van Breems Inc. (571 
Riverside Ave., Westport, 
| Conn. 06880). A sailmaker can 

Ba install Dutchman in a 35-ft. 
boat's mainsail for about $450. 


Hit the road with your stuff in tow A 
In Britain the Pelican bicycle trailer is being used by the 
Royal Mail for postal deliveries. The gooseneck tow bar 
mounts to a flexible coupling so the bike can lean in turns. 
Detached, the Pelican doubles as a handcart. Its 
3-cu.-ft. container has a lockable 

lid for security and weather 
protection, according to De- 
sign Works, “Birchwood,” 
Cock Clarks, Chelmsford 
CM3 6RF, Essex, England. 


RV power > 


Designed for small RVs, the $1,750 Mi- 
croLite 2,800-watt genera- gus ET 
tor set runs at a quiet 77 


A 


dB, according to Onan 
Corp. (1400 73rd Ave. 
N.E., Minneapolis, Wet pursuits that require traction, like 
Minn. 55432). Honda’s boating and sail-boarding, are the rai- 


twin-cylinder liquid- 
cooled EV6010 RV 
generator produces 


6,000 watts of power 
and sells for $3,195. 
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son d’étre for the 9-oz. (per pair) Aqua 
Socks. A textured sole mates to a 
quick-drying Spandex mesh upper, 
says Nike Inc. (3900 S.W. Murray 
Blvd., Beaverton, Ore. 97005). $25. 


GULLWING: LIGHT YEARS AHEAD OF ITS TIME 


Shown actual size of 742” long. Scale 1:24. 


No detail has been overlooked 
—from the precision-engineered 
struts that hold the doors aloft to 
the camshaft cover under the hood. 
Real cloth has been specially woven 
to match the original. There are 
steering and road wheels that actually 
work. Hood and trunk that open. 
Customized luggage on the deck and 
a spare tire in the trunk. 

The most detailed Gullwing 
production model ever. $90. 


It was recognized at a glance and 
described with a single word: 
Gullwing. Because its distinctive 
gullwing doors and sheer speed made 
the 1954 Mercedes-Benz 300 SL the 

most innovative sports car in history. 

Now precisely re-created in an 

equally revolutionary die-cast model 
from Franklin Mint Precision 

Models. Hand-assembled from 

125 separate parts. Hand-polished 

and sent to you ready to display. 


ORDER FORM 


The 1954 Mercedes-Benz 300 SL Gullwing 


Franklin Mint Precision Models Please mail by November 30, 1988. 


|. Franklin Center, Pennsylvania 19091 


I wish to order the precision crafted imported die-cast replica of the Son ML ORDERS ARE SUBREGT TO ACGGEFTANE 
Mercedes-Benz 300 SL Gullwing. It will be sent to me fully assembled and irii 

ready for display. I need send no money now. PLEASE PRINT CLEARLY 

Prior to shipment, I will be billed for a deposit of $18.* and after shipment for Address 


hal: in f TT hly inetall * 
the balance in four equal monthly installments of $18% oi, my state sales tax and 
a total of $3. shipping and bandling. City, State, Zip 
11533-37 


108 | POPULAR SCIENCE 


na PEL Hm mu 


A Down the hatch 
This convenient waste- 
bin for kitchen rub- 
bish is concealed un- 
der the work top, with 
easy slide- or drop-in 
access through a cir- 
cular opening with a 
tight-fitting lid. The 
neck of the plastic lin- 
er is clamped to a col- 
lar under the opening, 
giving direct down- 


the-hatch passage for 


waste. Holeybin, Cock 
Lane, Bradfield, Berks 
RG7 6HR, England. 


LJ 


Corner-turning fireplace A 


CR Corner Series fireplaces feature zero-clearance instal- 
lation, so they can be added to any room with sufficient 
space for minimum framing and chimney clearances, says 
superior Fireplace Co. (4325 Artesia Ave., Fullerton, Calif. 
92633). The units come in right- and left-hand-opening vari- 
ations with 38-in. front screen sizes. Price: $611. 


«Tight sealer 


The Advantage storm door 
is steel clad, with a wood 
core and double-pane glass. 
The $239 (list) door fea- 
tures magnetic weather- 
stripping, like that of a re- 
frigerator, to provide a 
tight seal, and a door knob, 
key lock, and inside dead- 
bolt instead of a push-but- 
ton latch. Metal Industries, 
Rte. 209, Box M, Elizabeth- 
ville, Pa. 17023. 


Faux-tile panels A 


Melamine-coated hard- 
board paneling can be used 
in the kitchen or bath as 
an alternative to tile, says 
Georgia-Pacific Corp. 
(Box 105605, Atlanta, Ga. 
30348-5605). The moisture- 
resistant Adobe Terra Cot- 
ta Styleboard panels, at $12 
to $18 each, approximate 
the look but not the work 
or expense of ceramic tile. 
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Comes Alive When You See 


When you look at 6,000 years of history in 
chronological order—on a chart almost three 
feet high and eight feet long— important dates 
and events just seem to fall into place! 

Never has there been a clearer, more 
concise overview of our history, archaeology, 
theology and mythology than with The World 
History Chart from International Timeline, Inc. 

Test your talent for historical trivia. What 
do the Great Wall of China and the Chin 
Dynasty have in common with the Roman 
Empire? When the Normans migrated to 


pi er oe 


Northem France, where did they come from? 

The world takes on new dimensions as 
you witness the development of 15 major 
civilizations from 4,000 B.C. to the present. To 
fully understand the scope of information on 
the Chart—picture U.S. history as just two 
inches over the space of eight feet of time! 

This invaluable teaching and reference tool 
has taken years to compile. Its easy-to-read 
format appeals to everyone from the casual 
admirer to the scholar. 
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Now, you 
can have your own for just $29.95 (U.S. 
currency) plus $5.00 for shipping and handling 
($34.95 each). Add $15.00 for each laminated 
chart ($49.95). Simply call toll-free 1-800- 
621-5559 (1-800-972-5855, in Illinois), and 
charge it to your MasterCard, or VISA. 
Or, complete the coupon below and mail 
with check or money order payable to: 
International Pomc Inc., 2565 Chain 
Bridge Road, tenna, VA 22180. (Virginia residents 
add 45290 s add $10.00 indecl of $5.00 for 
shipping and handling. Allow 4-6 weeks for delivery.) 
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| Please send me the World History Chart for $29.95 (U.S. currency) 
plus $5.00 for shipping and handling for each chart ordered ($34.95). 


| 

| 6,000 Years Of History At A Glance For Only $29.95! | 
Ticats makni 

| 


| Send to: 
[please print) 
| i — 1 
Enclosed is - 


check |... money order for $ ; 
ants add 4!2% sales tax. Please allow 4-6 weeks for delivery. PS 9 


Address: 


au -.  — # Of Charts Desired: SE 


Add $15.00 for each laminated chart ($49.95). Outside U.S. include 
an additional $5.00 for shipping and handling. 


Laminated_______. Unlaminated 


Checks payable to: International Timeline, Inc. 


2565 Chain Bridge Road, Vienna, VA 22180 
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Novel bench topper » 


For the workshopper who covets a 
jointer-planer but suffers from a 
space crunch, Ryobi introduces a 
30-lb. bench-top model. Its 
10.5-amp motor turns the 

blade at 8,000—16,000 rpm. 

The movable fence tilts to 

45° for bevel cuts. Maximum 

planing width: 6% in. 

depth: '5&4 in.; list price: 

$600. Ryobi America Corp., 

1433 Hamilton Pkwy., Itas- 

ca, Ill. 60143. 


Nicer to knuckles » 


This new-style adjustable 
wrench grips four facets 
of nuts and bolts. Conse- 
quently, says the maker, 
it won't round off their 
corners—or bust your 
knuckles in a nasty slip. 
The 8-in. Pocket Socket 
sells for $17 (6- and 10-in. 
models are due in early 
1989). Worthington Tech- 
nologies, 1562 Blackstone 
Dr., Worthington, Ohio 
43085. 


«4 Rare-earth power 


Porter-Cable's *s-in. cord- 
less drill can handle big 
jobs. Inside is a 12V bat- 
tery and a 230-watt motor 
that uses Delco Remy's 
Magnequench rare-earth 
magnets. These produce 
a stronger field, so the 
motor outpowers those 


with ferrite magnets, yet = | S | m i 
uses 20 percent less ener- Tiny belt sander A 
gy, says Porter-Cable Pencil-like stick holds a '4-by- 


(Box 2468, Jackson, 
Tenn. 38302). List 
price: $210. 


1275-in. aluminum-oxide sand- 
ing belt that is ideal for 
smoothing small details. The 
stick (6% in. long) has a 
spring-loaded top that keeps 
the belt properly tensioned. 
To rotate or change the belt 
you just push down on the 
spring. A kit with three sticks 
and 10 belts each of 120, 240, 
and 320 grits is $20 from 
Woodcraft Supply, Box 4000, 
Woburn, Mass. 01888. 


SiT -magnequench " 
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Push yourself to the brink of 
mental and physical limits in Adven- 
ture Training. Serve with the Army 
National Guard elite two days a 
month and two weeks a year. And 
put it all on the line for the thrill of a 
lifetime. For more details, fill out this 
coupon and mail it in today. Or call 
toll-free 800-638-7600.” 


ADT E EE 5 URETO RICO | 
OIX. 773-6438: NE iW JE RSEY: 800-452-579 

p HONE DIRECTORY. 

©1985 UNITED STATES GOVERNMENT AS REPRESENTED BY THE SECRETARY OF DEFENSE 

ALL RIGHTS RESERVED 


T2 15230; GUAM: 477-9957; VI RG IN ISLANDS ULT 
794. IN ALASKA CONSULT YOUR LOCAL 
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MAIL TO: Army National Guard , PO. Box 6000, Clifton, NJ 07015 
CEN OM DF 

NAME 

ADDRESS 


CITY/STATE/ZIP 
US CITIZEN O YES L1 NO 


AREACODE PHONE 


SOCIAL SECURITY NUMBER 


BIRTH DATE 


OCCUPATION 


STUDENT O HIGH SCHOOL 
PRIOR MILITARY SERVICE 


| COLLEGE 
D YES ONO 


BRANCH RANK AFM/MOS 
The intormation vou voluntary provide. INCIUOING Your social security 
number, will be used for recruiting purposes oniy Your social security 
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cem At Their Best 


What's New TOOLS ....... 


Seesaw clamp A Sep yt = 


Put one bolt through the middle of 

Ezy-Clamp, and you can pin down 
just about anything, claims the 
maker of this machine-shop clamp. 
It’s handy in home shops too. It’s 
made in four capacities: from 3 in. 
($15) to 614 in. ($49). Ezy-Clamp, 540 
W. Third St., Tustin, Calif. 92680. 


Mini shaper A 


Imagine cutting grooves, dadoes, 
and decorative molding with 
your Moto-Tool. Or buy Drem- 
el's new 6-by-8-in. shaper-router 
table, and do it instead. The ta- 
ble's movable fence has a slid- 
ing wedge that provides sup- 
port after a cut is made. The list 
price is $37. Dremel, 4915 21st St., 
Racine, Wis. 53406. 


« Sock 'em with power 
With Black & Decker's new bat- 
tery-powered socket wrench, 
driving nuts, bolts, and hex 
screws is fast and easy. For 
added torque you switch to man- 
ual mode, and the tool becomes 
a ratchet wrench. A kit with six 

sockets, a charger, wall base, and 

extension bar lists for $70. 


Squares, cubes for less A 


When we reported on ultrasonic 
"Tapeless Measures" in April, those 
that could memorize measurements 
and calculate square and cubic feet 
cost at least $100. Now Sonin has 
one (top distance: 30 ft.) with a list 
price of $60. Sonin Inc., 672 White 
Plains Rd., Scarsdale, N.Y. 10583. 


< Plunging back in 


Skil, out of the router business since 1981, 
reenters with a quarter-inch plunge rout- 
er. The on-off switch is on one handle; 
three bits store inside the other. No-load 
speed: 25,000 rpm. List price of model 
shown (with 134-hp motor): $111. 
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START YOUR OWN PROFITABLE CASH 


Only NRI gives you such 
complete training, so much real 
bench experience, and the confidence 
and all the tools you will need to earn cash 
money fast. 

A well-trained locksmith earns money 
in many different ways—installing locks 
in apartments, homes, businesses, and 
automobiles, fixing broken locks, cutting 
new keys, and more. And this huge market 
is just begging for new qualified locksmiths. 
Today there is only one locksmith for every 
18,000 people! 


The Newest, Most Advanced 
Course of its Kind 


Thorough step-by-step lessons and 
professional locksmithing equipment such 
as the Taylor KD5 Key Machine give you 
hands-on experience in this exciting growth 
field. You'll start earning huge cash profits 
of 800% to 900% duplicating keys. And 
only NRI offers you an Electronic Security 
Alarm training system. 

Compare! NRI offers the only 
course that is nationally approved by the 
accrediting commission of the National 
Home Study Council. 

Compare! NRI’s course training has 


each with the right number of lessons to 
All the lessons, hands-on training, and 


experiments have been developed to ensure 
that you begin practicing from the very first 


been broken down into 10 learning modules, 


keep your training at an easy-to-follow pace. 


American made KE 
MACHINE iets you 
start making profits 
while training. A $195 
retail value. 


200 KEY BLANKS 

can eam you cash 

right away! Retail - 

value of up to $250, impression materials 
for duplicating keys 
without originals. 


day...andcan begin making cash as soon 
as you like. All the money-making secrets of 
a locksmithing trade will become yours with 
your NRI training. 

Plus, only NRI gives you training in 
both locksmithing and electronics security 
systems in one complete course. 


Start Your Own Business, 
Full or Part-Time, Even 


From Your Home 

Add to your income with part-time 
work with established locksmiths. Start 
your own part-time or retirement business 
in your own home. Make locksmithing 
and security a full-time career as a skilled 
technician in your own growing business. 
There is opportunity everywhere! 

NRI's free 4-color booklet will show 
you how quickly you can train to be your 
own boss in a profitable locksmithing 
business and gain the respect you deserve as 
a trained technician like other professionals 
in your community. 


OWN BOSS... 
There is a difference in 


locksmithing training and 
La nii is NRI 


BUSINESS EVEN WHILE LEARNING! 


LOCK TEST 
ASSORTMENT for 
hands-on training. 


ELECTRONIC 


ALARM TRAINER is 
optional and lets you 
plan, construct and 
experiment with 
LOCKSMITH SET security controls. 


includes broken key 
extractor, torsion 
wrench, other tools in 
a handy storage case. 


SEND TODAY FOR YOUR 


FREE NRI CATALOG 


Afsr?E.. i 


McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue 
Washington, DC 20016 


We'll give you tomorrow. 


[VÍ CHECK ONE FREE CATALOG ONLY 


C] Locksmithing C] Bookkeeping and 

[ ] Building Construction Accounting | 

[ ] Air Conditioning, Heating, Communications Electronics 
& Refrigeration [ ] Telephone Servicing 


[ ] Automotive Servicing 
[ ] Small Engine Repair 
[ ] Computer Electronics [ ] Basic Electronics 

[ ] Robotics C] Appliance Servicing 
[C] Electronic Music Technology [C] Travel Careers 

[ ] TV/Video /Audio Servicing —[ ] Paralegal 


[ ] Data Communications 


Name (Please Print) Age 
street 


City —. 


| 
| 
| 
| 
| 
[ ] Security Electronics : 
| 
| 
| 
| 
| 
| 


State/Zip . 1702-118 
| Accredited by the National Home Study Council. | 


Mach 5 spy plane (continued from page 73) wmmmmmmmmmmm 


of the “party animal” riding the back 
of an SR-71 engine. Four of the 32,500- 
pound-thrust J-58 turbojet engines 
sit nearby on steel frames in various 
stages of disassembly. 

William Lowrimore, a master tech- 
nician, peels back a canvas covering 
of one, showing me the engine's com- 
pressor spool with its stubby blades 
that whirl to pull in air. He removes 
another cover at the end to display the 
afterburner. It is a short pipe four feet 
across, an extension of the engine with 
white hoops set within it. The after- 
burner burns extra piped-in fuel, pro- 
ducing added thrust when desired. 

Now he leads me to the side of the 
engine, pointing to a cluster of thick 
black tubes resembling oversized ra- 
diator hoses. They run from just be- 
hind the compressor to just ahead of 
the afterburner. “Bypass ducts," he 
says. These air passages run along the 
engine’s exterior, bypassing the cen- 
ter core where the fuel burns. The 
ducts, Lowrimore explains, tap excess 
air from the compressor to provide 
extra airflow to the afterburner for 
combustion. They are a unique fea- 
ture of the SR-71’s propulsion system. 

To make a J-58-type engine suitable 
for Mach 5 flight, you would go fur- 
ther, says Tony duPont: “Take all the 
air that comes from the inlet, bypass 
the engine core, and feed it into an 
afterburner that acts as a ramjet.” A 
ramjet is the simplest type of engine. 
It uses no rotating compressor or tur- 
bine. Air is rammed into a combus- 
tion chamber, where it is compressed 
and heated. Fuel is added, mixed with 
the air, and burned, expelling exhaust 
out the rear. That pushes the airframe 
and the intake forward, causing more 
air to be rammed into the combustor. 
The cycle then repeats. Such an ar- 
rangement, combining a turbojet for 
lower-speed flight with a ramjet for 
high speeds, is called a turboramjet. 
Experts believe that it is the most 
likely arrangement for Aurora. 


Inlet ins and outs 


However, no one should expect sim- 
ply to mount an engine to an airframe 
and fly off to Mach 5. To work prop- 
erly, a turboramjet demands a stream 
of high-pressure air from a supersonic 
inlet, which acts something like a 
rocket nozzle in reverse. À rocket noz- 
zle takes high-pressure gas from a 
combustion chamber and allows it to 
expand to low pressure to yield extra 
thrust. Àn air inlet takes low-pressure 
outside air flowing into it at high 
speed, funnels it down to low speed 
and much higher pressure, then feeds 
it into the engine. 

Outside the Beale Air Force Base 
maintenance shop, an SR-71 comes in 
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for a landing. After its jets have been 
shut down, I walk over to examine the 
plane closely. The inlets are circular 
ducts nearly filled by long, sharply 
pointed conical spikes. In high-speed 
flight, these spikes set up shock waves 
within the air that rushes past. As the 
air flows through these shocks, it 
slows down and is compressed, mak- 
ing it ready to be used by the engines. 
The simple cones are surprisingly ef- 
fective; they raise the pressure 40-fold 
when the SR-71 is at full speed. But 
they are also sensitive. The airflow can 
easily break down when the shocks 
fail to form properly. If this happens, 
the inlets fail to compress the airflow 
and the engines stop producing any 
useful thrust. Inlet-operation break- 
down is called an "unstart." “Just as 
we speak of starting and unstarting 
an engine," says duPont, “we also 
talk about starting and unstarting an 
inlet." 

Jim Eastham, one of the original 
SR-71 test pilots, vividly remembers 
unstarts: “An unstart demands your 
full and undivided attention," he 
recalls. “The airplane gives a pro- 
nounced yaw. Then you are preoccu- 
pied with starting the inlet again. The 
speed falls off. You begin to lose alti- 
tude. You put the spikes forward." The 
spikes are movable; their positions 
can be adjusted for best performance, 
Eastham says. "Then you go back to 
automatic positioning— which often 
causes an unstart again." 

Eventually, this problem was licked 
by an electronic system that senses 
the inlet flow and adjusts the spike to 
ward off unstarts. 

Despite Aurora's greater speed and 
altitude, Kevin Bowcutt thinks that 
it might be possible to fool an SR- 
71-like inlet into thinking it is oper- 
ating at standard flight parameters. 
On the SR-71 the inlet is exposed to 
the aircraft's full speed and height. 
But on Aurora Bowcutt would mount 
the inlets on the underside of the air- 
craft. There, inside the shock wave 
trapped by the waverider's underbody, 
the inlets would encounter airflow 
that is slowed and compressed. Aurora 
might be flying at Mach 5 and 100,000 
feet, but inside the shock wave the 
airflow might correspond to Mach 3 
at 80,000 feet, which would be nor- 
mal for an SR-71 air inlet. 

*You wouldn't want to hang cylin- 
drical engines down below," Bowcutt 
warns. That would cause drag. What's 
more, stealth aircraft have their en- 
gines buried inside the fuselage to 
keep them from showing up on radar. 
“But you could split the inlet cone so 
that only half of it sticks out," Bow- 
cutt says. Such an inlet, with buried 
engines, was used on the F-104 Star- 


fighter, the first plane to fly at Mach 
2, and another product of Lockheed's 
Skunk Works. | 
Hot skin 

Still, at Mach 5 the real problems 
come from aerodynamic heating caus- 
ed by air friction. The SR-71’s tita- 
nium skin routinely faces temper- 
atures well above 500 degrees F. Au- 
rora's speed would subject much of its 
skin to well over 1,000 degrees. Until 
recently no materials existed that 
could stand such heat and yet be suffi- 
ciently light and strong. 

At Pratt & Whitney in West Palm 
Beach, Fla., you can look through a 
porthole at the metallurgy of the fu- 
ture. From a ladle overhead, a stream 
of white-hot metal pours onto a rap- 
idly rotating turntable. Fire appears 
to glow at the turntable's edges as 
the metal breaks up into tiny drop- 
lets that fling outward, spun off by the 
strong centrifugal force. The droplets 
fly through a stream of cold helium 
gas, freezing them almost instantly 
into granules of metal powder. It is a 
high-tech form of quenching, as when 
hot steel is plunged into water to im- 
prove strength and resilience. 

The process is called rapid solidi- 
fication. It can be used to produce 
titanium-aluminides, alloys of alumi- 
num and titanium that have unpar- 
alleled heat resistance. They can be 
formed in no other way. In the mol- 
ten state the two lightweight metals 
will separate. Rapid solidification 
doesn't give them the chance. Phillip 
Parrish, who directs classified Penta- 
gon research into metallurgy, has dis- 
closed that the new titanium-alumin- 
ides can withstand temperatures up 
to 1,800 degrees F. 

By themselves the rapidly solidified 
powders are useless. But special pro- 
cesses, such as hot isostatic pressing 
(placing powder preforms into heated 
high pressure chambers filled with 
inert gases) or direct consolidation of 
the powders in an evacuated atmo- 
sphere, can compress them into solid 
ingots without destroying the alloys’ 
unique properties. Ánd giant, multi- 
story presses capable of exerting tens 
of thousands of tons of force can press 
the ingots into shapes that can be 
joined into airframe parts. 


Fancy fuels 


The heat of hypersonic flight, how- 
ever, calls for more than new airframe 
materials. It also demands new fuels. 
When I examined the SR-71 on the 
Beale Air Force Base runway, 1 was 
surprised to see driblets of liquid run- 
ning along the underside and dripping 
off to form puddles. When I dabbed a 
bit onto my finger, it felt oily. “It’s jet 

Continued 
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1950 Capri Bowrider: 
A complete package 
including trailer 


$10,995 * 


BUY YOUR BAYLINER BEFORE 
DECEMBER 11th AND GET A 
CUSTOM ALL-WEATHER COVER 
ABSOLUTELY FREE. 


When it comes to value, nobody power. And best G A i 
does it better than Bayliner. And the best ofall, each „A BAYLINER 
time to buy a Bayliner is right now, when Bayliner p sonis 
prices are at their lowest. Better yet, if is priced * complete boat, motor 


to make boating truly 


you buy any qualifying Bayliner between affordable. and trailer packages 
. now and December 11th, we'll help you No wonder the industry's acknowl- starting as low as 
X protect your investment with a rugged, edged experts have given Bayliner $4,995" 

custom-fitted mooring cover models top honors for | 


| POWERED BY 


absolutely free! That's an liDroduct excellence seven Bayliner's custom all-weather canvas boat covers are 
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strictly top quality materials, brand. Bar none heavy polyester stitching throughout. Strong enough 

solid construction and And now with a free to even stand up to trailering at highway speeds 

award-winning designs, all-weather cover in the ar eae 

Bayliner offers the finest ! ein America's best Yes, I I'd like - ve —— Bn Vitis i " 

values on the water. With a fleet of boating value just got better. But only fo POISE SES 96 NE TERI TERRE a NES GROMO 

complete boat, motor and trailer a limited time, and only on selected $ 

packages, Bayliner offers a long list of mu For further details on Americas | ame 

standard features other manufacturers #1 value, contact your participating | 

call options. Stern drive models feature Bayliner dealer. Find him in the yellow n Prone 

the durability, serviceability and corro- pages, or write for the name of the dealer | ci eer 

sion protection of OMC Cobra stern drive — nearest you. iii tds T 

* Manufacturer's suggested introductory price at participating Bayliner dealers. Actual prices set by dealer. Taxes, PO Box 24467, Dept. 118C, Seattle, WA 98124 


registration, freight, options and dealer prep charges extra. Prices may change without notice A Brunswick Company 


THE ALADDIN 
CERAMIC _ 
SAFETY FURNACE 


AL 5 YR. LIMITED 
atl, WARRANTY 
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giant inflatable toys of pre-historic monsters 
who ruled the earth millions of years ago 


URS 
25 


lus $1 
post & handl 
ner sel 


Here's thrilling excitement with this giant-size 
collection of pre-historic DINOSAURS at this low 
price of $2.98 plus post & handling per set. 
Command them to your every prank. Toss them 
in the air. they always land on their feet... 
swinging and swaying in every direction 
without tilting over. One-piece molded 
latex.colorful. imprinted illustrations. balloon- 


mo er like shapes. inflate easily. 
En Breat for children: terrific for 


parties, stupendous for adults! 
Guaranteed to please or money-back 
M (except. post & handl.]. 2 to 4 weeks 
y delivery. ORDER NOW! 


PRINT name. address and zip 


HUBBARD HOUSE, DEPT. S-115 


615 E. Dania Beach Blvd. 
Dania, Florida 33004 


Mach 5 spy plane 
Continued — 
fuel," my host told me, "dribbling from 
small fissures in the tanks." Even 
more surprising, the tiny cracks are 
there on purpose, I was told. When 
the plane flies at Mach 3, aerodynamic 
heating makes the metal expand and 
seals the fissures, thus closing off the 
leaks. If the leaks weren't there, the 
tanks would not be able to accommo- 
date the expansion. 

Its clear, however, that this won't 
suffice at Mach 5. Tony duPont ex- 
plains the problem: “Kerosene would 
break down at those temperatures, 
producing carbon deposits that would 
clog fuel lines and valves." Instead, 
such an airplane would use either liq- 
uid hydrogen or methane, he believes. 
While hydrogen is the more energetic 
of the two, methane is easier to han- 
dle. "If I were a designer at Lockheed," 
duPont opines, “I think there'd be a 
tremendous prejudice toward liquid 
methane.” 

Those cold cryogenic fuels could also 
be used as part of a heat-sink system 
to help cool off the hot airframe and 
engines, and the cockpit. Another pos- 
sibility is to use so-called “designer 
fuels,” a special class of hydrocarbons 
that absorb heat when they break 
down into combustible components. 
For instance, with the right catalyst, 
a material called methylcyclohexane 
decomposes into toluene and hydrogen, 
both of which are easily burned. As 
yet, however, designer fuels are not 
well understood. 


= 


Already in the air? 


As with almost everything concern- 
ing the spy-plane project, even the 
timing of the effort to develop new hy- 
personic planes is in question. In the 
first edition (1982) of Lockheed Air- 
craft Since 1913, author Rene Fran- 
cillon reported that the company had 
already flown at least one manned 
research aircraft at Mach 6. Other 
aerospace industry sources say that 
Aurora-type aircraft are already fly- 
ing. These accounts place the aircraft 
at Groom Lake, a secret test area at 
Nellis Air Force Base, deep in the 
Nevada mountains. This is where a 
squadron of SR-71s operated in the 
mid-1960s, and where F-19 squadrons 
are said to be based now. Other re- 
ports have the hypersonic planes de- 


| ployed at Elmendorf Air Force Base 
| in Alaska, and in Europe. 


Thus, while hard data on Aurora is 
limited, it is clear that there is abun- 
dant room for surmise. For now, the 
best prediction is that details will 
emerge bit by bit. But even then it's 
likely that for many years hence Au- 
rora will remain little more than a 
momentary streak across the night 


| sky. 
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By duplicating the motion of cross country skiing, the 
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exercises major muscles in the buttocks and legs more uni- 
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m MORE CALORIES BURNED 


In tests at a major university, 
NordicIrack burned more calories 
and provided a greater aerobic 
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and a rowing machine.* 


a MORE UNIFORM 
Unlike a rowing machine, 
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adjust NordicIrack's , 


m LESS TIME 


Because NordicTrack is so much more efficient 
|! than an exercise bike or rowing machine, you burn 
® more calories and get a better aerobic workout in 
| ' less time. 


f m LESS EFFORT 
" Inrunning and biking, the leg muscles do most of the work. 
With NordicTrack, the exercise workload is shared by 
the upper and lower body muscles, so exercise 
seems to require less effort and provides 
¿> greater cardiovascular benefits. 


„E NO DIETING 


Recent studies show that 
aerobic exercise is much more 
effective for losing weight than 
dieting. And no other exer- 
cise machine burns more 
calories than Nordic 
Track... So you can lose 
weight faster without 


! dieting. 
resistance for upper and 
lower body muscles for a m NO IMPACT 
more thorough, balanced Running and some 


aerobic workouts can 
cause painful and 
harmful jarring to the 
body, resulting in knee, 
shin, back and other 
injuries. NordicTrack 
gives you a vigorous aero- 
bic workout that is com- 


workout. Major muscles | 
are neither overstressed | 
nor underworked. Plus | 
NordicIrack's patented 
flywheel system provides 
a smooth, rhythmic motion 
that makes exercising more 
pleasant. 


m MORE pletely jarless. 
CONVENIENT m NO SKIING 
Exercise in the comfort of your EXPERIENCE REQUIRED 


NordicTrack is for everyone who 
wants the benefits of regular exercise. 
Even if you've never skied (and never plan 
to), in a few minutes you'll soon be "tracking." 
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m NO RISK 

NordicIrack's excellent quality and performance allows us to 
offer a no-risk, 30-day trial return privilege. In fact, customer 
referrals are our largest source of orders. 


home, any time of day, in any weather. 
You'll be more likely to exercise reg- 
ularly and achieve your fitness goals. 
NordicIrack folds easily, requiring storage 
space of only 17" x 23". 


*Scientific test results included in NordicIrack brochure. 
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Laminated floors 


[Continued from page 95 | MNEEEENEENEEENEN 


coats, depending on the flooring, and 
is cured under ultraviolet light. "The 
UV induces linking of the polymers 
in the solution for an extra-hard sur- 
face, just as solvent evaporation in 
polyurethane does, but much more 
efficiently. The resulting finish is more 
water and stain resistant than con- 
ventional finishes," says Barrows. 

An exception to the UV-cured finish 
is Hartco's Pattern Plus. In a process 
called impregnated acrylic, a pig- 
mented acrylic polymer solution is 
said to be forced all the way through 
the fibers of the Vs-inch top layer of 
hardwood under high pressure to cre- 
ate a durable surface. 

Linear look 

One identifying feature of many 
laminated wood floors that try to imi- 
tate the linear look of strip or plank 
flooring is a kind of segmented, pat- 
terned appearance. The face of a large 
section of manufactured flooring is ac- 
tually composed of many small two- 
foot pieces in a repeating pattern. So, 
say, for every eight-inch-by-eight-foot 
section you put down, it looks as if 12 
to 16 individual pieces have been laid 
(see opening kitchen photo). New 
flooring from Anderson, Bruce, Man- 
nington, Robbins/Sykes, and BiWood 
avoids this by using individual planks 
between three and seven inches wide 
by up to four feet long so that the in- 
stallation more closely resembles the 
random-length appearance of solid 
wood planking. 

What about price? “Generally, lam- 
inated flooring will cost a bit more 
than solid planking because of the 
manufacturing involved," says Bar- 
rows. “But because installation is eas- 
ier and can be done by most home- 
owners themselves, the laminated 
route may be cheaper in the long run." 

“Hardwood flooring is going more 
in the laminated direction," says Bob 
Brown. "That is mainly because of its 
ease of installation, the strength of the 
laminated product and its affordabil- 
ity, and the durability of the no-wax 
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Center of the Earth 
[Continued from page 81] 
der Africa appears to be elevated in 
temperature. And that is not too sur- 
prising, because the African plate 
looks as if it is sitting on a burner— 
it's got volcanoes poking up through it." 

Perhaps the most extraordinary 
new findings concern the core-mantle 
boundary and the core itself. Totally 
at odds with the serene onion-layer 
picture, the liquid outer core does not 
have a smooth, bland surface. Instead, 
it is dimpled with deep valleys and 
spiked with mountains. The scale of 
these depressions and elevations is 
probably from five kilometers to at 
least 10 kilometers—greater than 
Mount Everest—in some locations. 

“Tt seems,” says Adam Dziewonski, 
“that the sinking and rising masses 
in the mantle are actually deforming 
the surface of the core... We are now 
beginning to see inside the global 
machine." 

Caltech geophysicists Clayton, An- 
derson, and Olafur Gudmundsson, and 
Bradford Hager in a separate study, 
used their tomographic maps to spot 
the mountains (they may actually be 
ridges if they extend laterally over 
hundreds of kilometers) at the core- 
mantle boundary under Australia, off 
the Pacific coast of South America, 
and under the Labrador Sea. Accord- 
ing to present speculation, these are 
places where hot, rising material in 
the mantle would tend to draw the 
core upward. The valleys occur under 
the Southwest Pacific, the East Indies, 
and Southern Europe. In these spots, 
cold, dense sinking mantle material 
would depress the core. 

The amazing implication is that 
this mysterious variegated boundary, 
which some geophysicists have named 
the D" layer (pronounced D double- 
prime), may be behaving much like 
Earth's surface crust 2,900 kilometers 
above it—constantly rearranging its 
physiognomy. Hager says that D" may 
actually be old oceanic crust that has 
sunk to the core-mantle boundary. "Or 
it may be a mixture of stony mantle 
material and metallic material from 
the core." 


Mirror world 


If there are depressions and protru- 
sions on the surface of the outer core, 
then there must be corresponding fea- 
tures in reverse on the underside of 
the mantle, a weird Alice-through-the- 
looking-glass world of inverted moun- 
tains and valleys fitting together with 
their counterparts like pieces in a jig- 
saw puzzle. Indeed, some geophysicists 
have dubbed these features “anti- 
mountains," “anti-continents,” and 
even “anti-oceans,” because they spec- 
ulate that inverted seas of molten ma- 
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Center of the Earth continued —__ 


terial fill some of the dimples at the 
boundary. Stranger still, they believe 
that "rainstorms" of solid iron parti- 
cles may be raging within the molten 
iron alloy of the liquid outer core. 

These bizarre speculations stem in 
part from the discovery by Dziewonski 
at Harvard that seismic waves travel- 
ing through the solid inner core moved 
faster if they headed in a north-south 
direction— parallel to Earth's axis 
rather than parallel to the equator. 
Then Gudmundsson, Clayton, and An- 
derson extended the finding to the 
outer core. 

This kind of directional favoritism 
is called anisotropy, and it rings alarm 
bells in the minds of scientists, be- 
cause there has to be some phenome- 
non to account for it. 

Crystals are anisotropic, for exam- 
ple, because the atoms in their struc- 
ture are organized along particular 
axes, rather than randomly. But how 
could the molten iron alloy in the 
outer core be crystalline? Heating 
beyond the melting point of a metal 
normally destroys its symmetric crys- 
talline arrangement. 

One possible explanation, Anderson 
believes, is that part of the liquid core 
resembles a slurry, so it has some of 
the properties of a solid, including 
crystal-like, and therefore anisotropic, 
behavior. 


Showers of iron? 


One consequence of this situation, 
in Anderson’s theory, is that iron 
would be constantly freezing out in the 
form of particles and then remelting. 
He and his colleagues suspect that the 
poles of the core are cooler, because 
they have been flattened by down- 
welling from the mantle. There, iron 
filings would precipitate out and rain 
down in a metallic shower, only to be 
melted and recycled when they reached 
hotter regions. 

There are other possible explana- 
tions, which to Anderson seem un- 
likely. “We don't know yet if we're 
seeing iron showers in the polar re- 
gions of the core," he says. "Whatever 
the explanation, this [anisotropic be- 
havior] is a completely unexpected ob- 
servation that will keep the theoreti- 
cians busy for years." 

These strange phenomena at the 
core-mantle boundary and within the 
core have stirred intense speculation 
about two remarkable properties of 
the whole Earth: its magnetic field 
and its irregular rotation. 

Geophysicists have been sure for 
many years that Earth's magnetic field 
is generated—or at least sustained— 
by a dynamo effect involving the com- 
plex motions of the molten metal core. 
But the exact nature of the dynamo 
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is unsettled. And theories about why 
that field periodically reverses itself 
are still wildly controversial [“What 
Flips Earth’s Field?” Jan.]. Revelations 
about bumpiness at the core-mantle 
interface, an evaporation-condensation 
cycle for core metal, and crystalline be- 
havior will obviously have to be fig- 
ured into new notions about the mag- 
netic field. 

Also puzzling is the question of why 
Earth's rotation is jerky instead of 
smooth, the so-called “length-of-day” 
problem, which is under study by Clay- 
ton, Hager, and Mary Ann Spieth of 
Caltech's Jet Propulsion Laboratory. 

*Since about the mid-sixties," says 
Clayton," we've observed that the 
length of a day varies by about five 
milliseconds on a decade-long scale, 
swinging back and forth. It's never 
really been understood. If you take 
the core to be a freely spinning body 
within the mantle, and you couple the 
two by these bumps on the boundary, 
then depending on how the flow in the 
core and the bumps align, you'll get 
changes in the rotation rate." 

Clayton, Hager, and Spieth origi- 
nally reported that the torque pro- 
duced while molten metal sloshed back 
and forth among the mountains and 
valleys at the boundary could account 
for the observed jerkiness. But more- 
recent calculations show that five- 
kilometer features would actually con- 
tribute more than the observed varia- 
tion. One way out of this dilemma is 
the role played by those hypothetical 
inverted lakes at the boundary. They 
might reduce the coupling between the 
mantle and the core just enough to fit 
the five-millisecond variation. 

To penetrate the mysteries of the in- 
ner core, the remotest place in Earth, 
geophysicists had to depart from seis- 
mic tomography. In what must be con- 
sidered a brilliant coup, they used two 
different experimental approaches to 
simulate the enormous pressure at the 
center and answer a vital question: 
What is the temperature there? 


Living dangerously 


Scientists have long known that iron 
at the core must endure a crushing 
pressure of 3.5 gigapascals, or 3.5 mil- 
lion times atmospheric pressure. To 
approach that kind of pressure in the 
laboratory takes heroic—and possibly 
dangerous— measures. 

“We do live dangerously here," says 
Tommy Ahrens of Caltech, referring 
to the explosive chemicals used in 
what can only be described as a mon- 
ster cannon. It is the largest of three 
gas guns at Caltech's Lindhurst Labs, 
106 feet long and 35 tons. For safety 
reasons, Ahrens and his team must 
go through a long and daunting check- 


list, as well as a NASA-style count- 
down before firing it. 

In the core experiment, the gun fired 
one-ounce plastic and tantalum bul- 
lets at a target of sapphire bearing 
a thin film of iron. Their speed was 
seven kilometers per second—about 
16,000 mph. For an instant—less than 
a millionth of a second—the blow cre- 
ates a squeeze equal to the pressure at 
the center. And an instrument called 
a four-color optical pyrometer reads 
the temperature from the flash of ra- 
diation produced by the impact. 

In a collaborative experiment using 
a static approach, a team of Univer- 
sity of California, Berkeley, geophysi- 
cists headed by Raymond Jeanloz com- 
pressed a thin foil of almost pure iron 
in a laser-heated diamond anvil, a de- 
vice that resembles a pair of pliers 
whose jaws are gem-quality diamonds 
with flat faces. This approach also 
achieved the necessary temperatures 
and pressures. 


Astounding result 


The values measured in these two 
approaches are extremely close, so 
much so that they greatly boost con- 
fidence in the astounding result. In a 
joint paper in April 1987 in the Brit- 
ish journal Nature, the collaborators 
announced that, based on extrapola- 
tions from their experiments, the tem- 
perature at the center of Earth is 
6,900 degrees Kelvin (above absolute 
zero), almost twice as high as had been 
previously estimated. That is at least 
1,000 degrees hotter than the surface 
of the sun. The results indicated that 
the temperature at the solid-core/liq- 
uid-core boundary is 6,600 degrees 
K; and at the core-mantle boundary, 
about 4,800 degrees. 

And that gives geophysicists a head- 
ache. The much lower estimate for the 
core's temperature had been based on 
measurements of Earth's total heat 
flow into the atmosphere. "If you ex- 
trapolate downwards from the sur- 
face," says Ahrens, “you get a temper- 
ature of 3,000 to 3,500 degrees K at 
the core-mantle boundary. So there's 
a big discrepancy, something like 1,500 
degrees K. Perhaps there is an insu- 
lating layer of some kind at the man- 
tle that is trapping the heat within 
the core. 

"This question has far-reaching im- 
plications. We're really embarrassed 
by how much heat should theoretically 
be coming out of the Earth. It is prob- 
ably one of the most controversial is- 
sues in understanding the interior. 
We're getting a lot of signals that tell 
us drastic things are going on there, 
some of which we still don't under- 
stand. Some day, I hope, we'll be able 
to pull everything together.” 


Mac sound 


"Dont do that!” The voice boomed from 
my Macintosh. 

I had accidentally entered an im- 
possible command. Instead of the beep 
that ordinarily signals an error, the 
Mac admonished me in my own words. 

Replacing the Mac beep with a spo- 
ken message showed me how easy it 
is to manipulate sounds on disk. With 
a new palm-size device called MacRe- 
corder ($200 with supporting soft- 
ware), you can record, edit, and mix 
sound files in the Macintosh, then use 
them to enhance text and graphics. 

Made by Farallon Computing of 
Berkeley, Calif., MacRecorder is an 
audio digitizer that plugs into the 
printer or modem port of a Macin- 
tosh. (Farallon recommends a mega- 
byte or more of memory.) With two 
MacRecorders you can record in stereo. 

MacRecorder's performance depends 
on the sampling rate you select— 
from 5,000 to 22,000 samples per sec- 
ond. At the highest rate, music played 
through the Mac speakers sounds good 
enough for the average music listener. 
Lower rates are acceptable for voice 
and most sound effects. 

Two programs are provided with the 
device. Using HyperSound, you can 
file sound bites—anything from voice- 
overs and music for a corporate pre- 
sentation to farm animals that moo, 
oink, and bray on command—in a 
HyperCard stack. 

The other program, SoundEdit, 
turns the Mac into a recording stu- 


dio. Sounds appear in the main win- | 


dow as a scatter pattern of dots. Did 
you hesitate or cough? You can replay 


that sound, delete it, move it to an- | 


other part of the recording, or put it 
in another file. You can also modify 
sounds with special effects: add an 
echo, filter high or low frequencies 
with an on-screen graphic equalizer, 
or play the sound backward. Finally, 


SoundEdit includes a digital mixer, | 


which lets you mix up to four sepa- 
rate channels at a time. 

For a head start on making music, 
try Jam Session ($50), a program from 
Broderbund Software of San Rafael, 
Calif. It includes 19 basic compositions 
and more than 100 musical snippets 
played by a variety of instruments. 

You tickle the Mac keys—adding 
riffs, drum fills, or even applause. Any- 
thing recorded in Jam Session, in- 
cluding the files that come with the 
program, can be pulled up by Sound- 
Edit for studio-type editing and mix- 
ing.—Jim Schefter 
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Do you recall your first Jack Daniel's? If so, we hope you'll drop us a line and tell us about it. 


THIS IS JACK DANIELS DISTILLERY, home 
of Americas first Tennessee Sippin Whiskey. 
Nothing changes much here—we make certain 
of that—for the method of smoothing Jack 
Daniel's was perfected more than a century ago. 
It’s che old Tennessee way our founder 
employed when he got started in the — | 
office above. And we havent changed 
it from those days to these. Have 
you requested Jack Daniel's lately? 
Once you do, we believe, you ll gain 
appreciation for our time-tested 
‘Tennessee ways. 
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SMOOTH SIPPIN' 
TENNESSEE WHISKEY 


! CIE BENE siti ty 
Tennessee Whiskey  40-43*6 alcohol by volume (80-86 proof) e Distilled and Bottled by doceas gd d 


Jack Daniel Distillery, Lem Motlow, Proprietor, Route 1, Lynchburg (Pop 361), Tennessee 37352 
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BADLY RUSTED? 


SAVE IT WITH 
NEUTRA RUST! 


Neutra Rust is an amazing new 
RUST CONVERTER that pene- 
trates rust and converts it to a 
rust resistant paintable surface. 
No priming necessary. 


Use Neutra Rust on— 


e Automobiles »* Outdoor 
* Marine Parts Furniture 
«Gutter: * Drain Pipes 
x e Mailboxes 
* Hinges e Wagons 
* Bicycles * Railings 
FOR ALL RUSTY SURFACES! 
HOME & INDUSTRY! 


Available in 8 oz., 16 oz., 1 gallon, 5 gallon 
and 50 gallon drums. 


CD NEW YORK BRONZE POWDER CO., INC. 
For Mail Orders Call: 1-800-221-6545 
For further information about NEUTRA RUST, write to: 
Jeff Morrison, VP Marketing, New York Bronze Powder Co., Inc. 
481 Doremus Ave., Newark, NJ 07105 


The new Lindal Planbook is all you need to make 
your custom home a cut above. In every detail. Ger 200 
pages of color photographs, custom plans, design tips and 
planning grids, all for just $10.00. And get the video for 
just $19.95 more. Write or call toll free and use 
MasterCard or VISA. 
1-800-426-0536. 


A Lindal Cedar Homes 


P.O). Box 24426, Dept. VNS, Searle: WA 98124. (206) 725-0900 
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: MAKE MONEY 
Swiss International 


GOLD AND PRECIOUS METALS MERCHANTS* 
Will buy your scrap... r ; 


OUnwanted Estate or 
— every 

ODental Gold 

OPlatinum 

OSilver 

OPalladium, etc. 


*registered trade name 
Highest Prices Paid 


WE WILL SEND YOU PAYMENT IN U.S. FUNDS. 
ALL TRANSACTIONS STRICTLY CONFIDENTIAL 


Purchaser becomes owner of goods received. 
All metals to be melted down and considered 
scrap. Record of transaction to be enclosed. 
Print in block letters & include in your parcel, your 
name and full mailing address. 
send to 
(In Canada) 


In U.S.A.) 
$.1.G. & P.M.M Ltd. 


1G. & P.M.M Ltd. 
421 Center Street -PS 
Lewiston, New York 
14092 U.S.A. 


M2N 1N4 Canada 


Computerized 


taxis 


STOCKHOLM, SWEDEN 
I’ve overslept. My appointment is for 
9:30 a.m., and it's 8:45 as I reach the 
Hotel Diplomat desk, anxious to get 
a taxi. The clerk taps a keyboard, 
peers at a screen, and pencils “DA-78” 
on a slip of paper. "That's your reser- 
vation code," he explains. "It identi- 
fies your personal cab, so no one else 


| can take it. Wait outside. It won't be 


long." 

A taxi pulls up almost immediately. 
The driver nods as I show my code and 
jump in. When I tell him my destina- 
tion, he punches a three-digit num- 
ber into a radio-computer terminal on 
the instrument panel. “My instruc- 
tions for this job," he says, showing 
me a printout from the terminal. The 
hotel name and address is displayed, 
its city-zone code, map page, and grid 
reference, plus that all-important 
DA-78. The message time: 8:49. 
Thanks to Stockholm's computerized 
taxi-management system, I'll make my 
appointment. 

VTS Transportation Systems and 
Ericsson Radio developed the method, 
dubbed Taxi 80. I previewed the sys- 
tem in the July 1983 issue of POPULAR 
SCIENCE. It’s now in use in more than 
4,000 cabs in Swedish and Norwegian 
cities, and Finland is readying a 500- 
car fleet. Drivers buy the costly hard- 
ware themselves. But a dozen drivers 
here told me the system soon pays for 
itself in reduced empty cruising and 
more fares. Passengers benefit from 
near-instant cab availability, plus the 
absence of noisy chatter on taxi radios. 

Here's how Taxi 80 worked for me. 
The Hotel Diplomat's computer termi- 
nal 1s linked to a taxi control center, 
which assigns reservation codes. A 
main-frame computer checks each 
pickup address against a city-wide ad- 
dress register. This avoids wasted trips 
by drivers. Then the center operator 
scans a display screen of free cabs in 
the hotel zone, ranked in order of 
availability, and radios the digitized 
order with my reservation code to the 
first cab in the rank. 

When my driver accepted the book- 
ing, he had only a few seconds to push 
"accept" on his key pad. A "not ac- 
cept" radioed response sends the order 
to the next cab listed. My driver keyed 
in a destination zone code for the com- 
puter as we drove off, then radioed 
the computer again as we neared the 
address by pressing his "soon free" 
button.—David Scott 


Why Are We Offering 
Nationally Advertised 
GFX "Celsius-9"" Chronometers 


e Never needs winding 


e Sweep-second hand 


e Rotating bezel for 
measuring elapsed time 


€ Chime alarm for 
wake-up and appointments 


e Luminous numerals 


e Tachymeter times average 
vehicle speed over a 
"measured mile" 


è Powered by mercury cell 

(already installed) 
è Analog dial plus digital readout 
e "Zero Refraction" 


matte black finish 
chain link band 


e 12 and 24 hour (civilian and military readings) 


time modes 


s part of a nationwide publicity campaign, a leading New 
York firm will offer its most expensive precision watch 
—the Nationally Advertised GFX "Celsius-9" Chronometer— 
for the astonishing publicity price of only $19.95 to every person 
who writes to the company address (below) before Midnight, 
December 25, 1988. 


This original publicity ad must accompany your 
request. Copies or photostats are nof acceptable. 


Similar chronometers have been nationally advertised and 
featured by others in leading media at $49.95 each. In fact, you 
might think watches with features like these would sell for well 
over $100.00. But, during this nationwide publicity campaign, 
you don't pay $100.00—or even $49.95. You pay only $19.95! 
But your request must be mailed no later than Midnight, 
December 25, 1988. 


Powered by a computer-type chip and precision quartz move- 
ment, each GFX "Celsius-9" watch is a time-keeping "control 
center". Its tri-level, high-tech face includes an analog dial with 
sweep second hand, a multi-function LCD digital read-out that 
records time in both 12 and 24 hour (civilian and military) 
modes and a rotating bezel to measure elapsed time. The ulti- 
mate in a man’s wristwatch, this GFX “Celsius-9” tells you the 
time in two time zones (while traveling); chimes the hour to 
remind you of passing time; keeps track of the day and date; 
awakens you from sleep; and is even water resistant to five 
atmospheres, 


One of the most technologically sophisticated watches ever sold 


(Not for $49.95) 


only $1995 


e Tells time in 2 different time zones 
simultaneously 


e Stopwatch accurate to 
1/100th of a second 


"ow 


è Displays month, date, day. 


Y 
e Photon dispersion beam 
lights up time in dark 


* 


è Water resistant to 
5 atmospheres (150 ft.) 


® Accurate to within 
seconds per month 


è Scratch-resistant 
mineral-glass crystal 


e Sonic beep on 
the hour keeps 
track of time 


e Stainless Steel 
case back 


(ENLARGED TO SHOW DETAIL) 


by this multi-million dollar New York firm, the GFX “Celsius-9” 
features a Stopwatch/Chronograph (accurate to 1/100 of a 
second); a Tachymeter that times average vehicle speed over a 
"measured mile"; and, unseen, an amazing photon dispersion 
beam—smaller than the “eye” of a hornet—lights up the 
mineral-crystal in the dark. 


This handsome high-tech “zero refraction” matte black time- 
piece is perfect for the office, sporting events (as player or spec- 
tator), that special night-on-the-town or just everyday wear. No 
wonder this is destined to be the fastest selling and most expen- 
sive chronometer of its kind ever sold by this multi-million 
dollar New York firm. 


These GFX “Celsius-9” watches will not be sold at this or any 
other price by the company in any store. There is a limit of two 
(2) per address at this price, but if your request is mailed early 
enough (before Dec. 17) you may order up to 5. Each GFX 
watch is covered by the company’s full one-year money- 
back guarantee. | 


TO ORDER: Mail this original publicity ad (no copies or 
photostats) together with your name and address and $19.95 for 
each watch. Add only $3 shipping no matter how many watches 
you request. (New York residents add sales tax.) Allow up to 
6-8 weeks for shipment. Make check payable to RBM Lid. Mail 
to: RBM, GFX Watch, Dept. 191-117, Box 1085, Hicksville, 
New York 11802. (R44640) 


©1988 RBM Ltd . 1200 Shames Drive, Westbury. NY 11590 
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A selection of catalogs and book- 
lets available from a variety of depend- 
able companies. This section makes 
it easy to get as many as you want 
with just one coupon. Simply check 
the catalogs you want; the numbers 
in the coupon at the end of the section 


Ahead of Its Time... 


Known for its quality hardwoods 
and factory direct prices, 
Emperor offers a broad selec- 
tion of mantel clocks, wall 
clocks and grandfather clocks, 
as well as furniture accent 
pieces, in do-it-yourself kit form 
OR completely assembled and 
finished. $1.00 for full color 
catalog. Emperor Clock Com- 
pany, Emperor Industrial Park, 
Fairhope, Alabama 36532 
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More Power to You... 


AEG offers a complete line 

of professional quality power 
tools with more innovative fea- 
tures. With AEG you'll cut, drill, 
finish, and fasten wood, metal 
or masonry.. .better and safer. 
AEG also offers a full range of 
advanced design cordfree power 
tools and unique accessories 
that make every job easier. 
Free. 


Contemporary Design 


| [I at It's Best 


Contemporary ideas for kitchen, 
bath, and the entire cedar home, 
showcased in the Lindal Cedar 
Homes Planbook. Get 200 
pages of beautiful color photo- 
graphs, 90 custom plans, 
design tips and full details on 
insulation and solar, too. Draw 
your own custom home using the 
unique planning grids provided. 
Price: $10.00 (Video also avail- 
able for $19.95). 
1-800-426-0536. 


; Lindal Cedar Homes | 


Ear 


correspond to those in the ads. 

Please note that some are free, 
while others require payment. A $1 
handling fee must also be included 
with the coupon. Please send check 
or money order; no stamps or cash, 
please. 


The Best In Home 
Entertainment... 


Home entertainment at prices 
that can't be beat in the new 
106-page J&R Music World 
catalogue. Audio, video, com- 
puters, software, records, 
cassettes, compact discs, 
movies and more. Shopping at 
home is easy with convenient 
toll-free ordering and fast-fast 
shipping. Order your copy today! 
1-800-426-6027. In NY 
1-718-417-3737. $1.95 


A Woodworker's Gulde to 
Machinery... 


This 24 page catalog includes 
pictures and descriptions of 
most any machinery you might 
be looking for. Table saws, 
lathes, drills, shapers, sanders, 
jointers and much more. In the 
past 12 years we have put 
together a fine quality selection 
of supplies and tools for every 
woodworker. Professionals, 
commercial, or just the home 
handyman will find something 
priced just for his need. Call for 
your free copy today. 
1-800-845-9356. 


Get on the High Road... 


Dick Cepek is one of the world's 
leading suppliers of off-road 
tires and wheels for trucks and 
ATV's, lights, suspensions, 
winches, hitches, running 
boards, truck bars, grille 
guards, bumpers, videos, and 
many other accessories. 
Included with your Dick Cepek 
Catalog is a colorful embroi- 

i fe Mee ! dered Corduroy Cap and two 
s — * decals. $9.00 


The Newest Innovatlve 
Products... 


For yourself, your family, your 
home, your car and your 
friends — with both the lowest 
catalog prices and your satisfac- 
tion GUARANTEED! Select from 
nearly 200 items, then try what 
you like for up to 30 days before 
deciding whether to keep it! 
Many exclusive products. Send 
for catalog — price refundable 
with the first purchase. $2.00 


Great Gift Ideas... 


Literature describes water 
purifiers ranging in size from 12 
oz. portable units to residential 


The Latest Audio and Video 
Equipment 


You'll find hundreds of the new- 
est components from dozens of 
the top brands in the latest 
Crutchfield catalog. Full-color 
photos, complete descriptions, 
and comparison charts of fea- 
tures and specs give you the 
information you need. Our dis- 
count prices make Kenwood, 
Sony, Pioneer, Bose and other 
quality brands affordable. Send 
for your copy today. $1.00 
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Meeting the Challenges of the 
Computer Age... 


TUFOIL, the world's most 
advanced lubricant does for 
lubrication what the transistor 
did for electronics. Spectacular 
low friction and wear confirmed 


and 26 GPM total supply sys- €— S whe by one of the U.S. Government’s 
tems. Purifiers remove Giardia, | suren LumAicanrs E m| «most prestigious labs and oth- 
asbestos, chemicals and foul | FOR THE AGE OF W' Ong ers worldwide. TUFOIL is 


tastes and odors. Made in | computers | 3 slipperier than Teflon® accord- 


U.S.A. General Ecology, Inc., 
151 Sheree Bivd., Lionville, PA 
19353, or 1-800-441-8166. 
Free. 


Brand Names for Less... 


Large selection of electric 
motors, pressure washers, 
burglar alarms, air compres- 
sors, winches and hydraulic 
equipment. SURPLUS CENTER 
offers big savings on name 
brands plus huge discounts on 
factory closeouts and surplus 
equipment. 108-page catalog. 
Free. 


Best Tools of the Trade... 


The Japan Woodworker 64-page 


ing to their data. A patented 
family of lubricants based on 
TUFOIL has been developed for 
the age of computers. Free. 


Solar Electric Technology 


Cost-effective for maintenance- 
free telecommunications and 
cathodic protection. Quiet 
power for remote homes, 
cabins, RVs, and boats. It han- 
dies battery maintenance and 
irrigation for farmers, frost pro- 
tection for fruit growers, and 
livestock watering for ranchers. 
As reliable as the sun. Free. 
Solar Electric Specialties, P.O. 
Box 537A, Willits, CA 95490 or 
(707) 459-9496 collect. 


Since 1959 
RX Eyeglasses “Breakthrough” 


How to Buy Direct By Mail. Safe. 


Easy. Full line of frames, lenses, 
coatings, accessories. Sport 


catalog is loaded with the best 
tools you can get your hands on! 
We offer a complete selection of 


Fashions For '88 1 
See Centerfold insert 

tor Special | 

Savings Offer! 4. 


Japanese tools for the wood- 
carver, carpenter, furniture- 
maker and boat-builder. Send 
for 1988 catalog plus all supple- 
ments for next two years. $1.50. 


—- and dress. FAST delivery. Try for 


30 days. 100% GUARANTEED! 
300,000 sold. Send $1.00 for 
catalog. Prism Optical, Inc., 
Dept. PSC88, 10992 NW 7th 
Ave., N. Miami, FL 33168 


HARBOR 
FREIGHT 
TOOL 
CATALOG 


A Reputation 
For Performance 


Xara sus : 
sg tial b MT, wap dimer 


Months Mior Pride 


PASSPORT 


Absolutely the Lowest Prices 
on Quality Brand Name 
Tools, Equipment, Machinery 
and More! 


Our latest catalog is packed 
with spectacular savings for 
both the home and professional 
workshop. See why over 2 mil- 
lion satisfied customers have 
made HARBOR FREIGHT their 
source for new tools. $1.00 
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An Uncommon Fence Store for 
the Do-It-Yourselfer 


Chainlink—150 combos of 
types, sizes and colors. Privacy 
slats, Ornamental metal fences, 
plastic fencing, electric fence 
supplies, slip-on pipe fittings, 
wood hardware —ornamental 
post toppers and finials. Ken- 
nel/pet cages and other 
speciality items by the dozens! 
Illustrated catalog $3.00. 
Williams Fencing, Inc., Ulster 
Park, NY 12487 
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A Reputation for Performance 


Traffic Radar— Free information 
from Cincinnati Microwave 
explains the principles behind 
traffic radar, including limita- 
tions that can result in incorrect 
speed readings. Also includes 
information on Escort and 
Passport radar warning 
receivers, which are only sold 
factory direct. Call toll-free 
1-800-543-1608 or send cou- 
pon. Dept. 7016N8. 


In Keeping with a Glorious 
Tradition... 


108 pages filled with a wide 
assortment of innovative elec- 
tronic products in the Heathkit 
tradition. Computers, stereo 
components, amateur radio 
products, radio controlled cars 
and planes, starter kits and 
many more high tech items in kit 
and assembled form. Send for 


| your FREE Christmas catalog 


now or call 1-800-44-HEATH. 


THINGS 
YOU 
NEVER 
KNEW 
EXISTED... 


Finally, — 
ABetterWay — 
To Clean Your Pool. 

— 


A NEW ERA IN WATER HEATING 


$9» Aquavac 


INSTANTANEOUS GAS WATER HEATER 


+ Exergy Effibieni 
* Ueüerdted Supply 
ui Hop Water 
* Bpace Saver —— 
* Long Lia Expectancy 
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and can't possibly live without! 


Called "most unusual catalog in 
the world." ESQUIRE, LIFE, NEW 
YORKER have said “world of fan- 
tastic wonders,” “humor in the 
jugular vein.” 96 pages of over 
1800 funmakers, jokes, hob- 
bies, science, self-improvers, 
gadgets, bargains and surprises 
you never dreamed you'd seein | 
any catalog. From JOHNSON 
SMITH CO. $1.00 
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KREEPY KRAULY 
The best pool-cleaning system 
In the world. Perlod. 


Kreepy Krauly keeps pools clean 
automatically. Eliminates hand- 
vacuuming. Kreepy Krauly is the 
best built automatic pool 
cleaner in the industry with the 
warranty to prove it...3 full 
years...longer than any other 
pool-cleaner warranty. Call 
1-800-222-6841 for our free 
brochure. 

[ 


Instantaneous Hot Water... 


Unlike traditional storage water — 
heaters that run out of hot water. 
and eventually leak, the high 
efficiency Aquavac SD-42 is : 
tankless. Heats the water you | 
need —only when you need it. | 
The Aquavac's compact size | 
saves precious interior space | 
through wall-mounted installa- . 
tion. Dimensions are 33.5"H x 

17.75"W x 11.5"D. Free. 
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Compact Power Tools for 
Christmas 


Free full color Power Tool Appli- 
cation Guide/Catalog describes 
Dremel's complete line of com- 
pact power tools, attachments 
and accessories. It features 
newly designed Moto-Tools, 
Flex-Shaft attachment, and Drill 
Press. Literature also includes 
descriptions of 170 different 
bits for cutting, carving, polish- 
ing, cleaning, routing, grinding, 
engraving and more. 
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Vehicle tracking system 


You've been robbed. You call the po- 
lice for help, and the station radios 
as quickly as possible to find an avail- 
able patrol car. In those few moments, 
however, the criminals could be mak- 
ing a getaway. 

This time lag may end if more po- 
lice departments adopt the II Morrow 


Vehicle Tracking System (VTS) being 
used by the Salem, Ore., police. The 
VTS can instantly transmit the loca- 
tion, to within 100 feet, and status of 
up to 350 police cars. The result: The 
closest car to the scene of trouble can 
be dispatched faster. 

“The VTS is more practical and af- 
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Bass Pro Shops— 


Huge 450 page four-color 
catalog brings more than 
20,000 products to the fisher- 
man, hunter, camper, boater, 
or anyone who loves the 
outdoors. TOLL FREE order- 
ing. Call 1-800-227-7776, 
or send to Bass Pro Shops, 
1935 S. Campbell, 
Springfield, MO 65898. 
$2.00 
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POPULAR SCIENCE P.O. Box 5131, Pittsfield, Mass. 01203-5131 
Note: PoeuLan Science Massachusetts address is for Catalog Showcase only. 


Please send the items checked below. | am enclosing $1 handling charge (any num- 


ber of items per coupon) plus amount required for priced items. Orders will not be I AM 
processed unless accompanied by the $1 handling fee. Do not send cash. 

[11 $1 O6 $9 [0 11 Free (116 $1 L]21 Tocome $ 
[12 $1.95 []7 $2 []12 Free O17 $3 [122 Free $ 
L]3 Free (18 $1 (113 $1.50 (118 Free O23 $2 

[]4 Free []9 Free [114 $1 []19 Free []24 Free $ 
O5 $10 L]10 Free []15 $1 (120 Free 

Name (please print) . E 

Address : City & State — 


Please send check or money order made out to POPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks’ delivery. 
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fordable than systems of the past," 
says Lt. Wayne McFarlin of the Salem 
police department. 

Other systems used to monitor po- 
lice cars' whereabouts rely on periodic 
reports of the vehicles' positioning. But 
the VTS, developed by II Morrow, Inc., 
tracks vehicles continuously using 
Loran C, an electronic navigation net- 
work originally developed for offshore 
navigation [Aug. '80]. 

A Loran receiver in each police car 
decodes navigation coordinates from 
the network, then transmits status 
and location data via the car's two- 
way radio to police headquarters. The 
police cars appear as rectangles on a 
map displayed on a high-resolution 
screen (see photo). 

The VTS is being phased in by the 
Salem police department in stages, 
and it will be a few years before the 
system is operating at its full capa- 
bility, says McFarlin. 

But the VTS isn't limited to police 
cars. It can be also used with aviation 
and marine traffic, railroad cars, taxis, 
construction vehicles, and mass-transit 
buses and shuttles. Cost? A basic VTS 
for 25 vehicles using the existing com- 
munications system is under $75,000. 
II Morrow, Inc., Box 13549, Salem, 
Ore. 97309.— Mariette DiChristina 
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Free Eastwood Auto Tool 
Catalog 


Restore your favorite car with 
Eastwood specialty tools. 100 + 
page catalog shows you how to 
weld, sandblast, paint, remove 
rust, more. FREE 1-year sub- 
scription included! Call (800) 
345-1178 or write: Eastwood, 
580 Lancaster, Box 296-PSB8, 
Malvern, PA 19355 
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Wordless Workshop 


By ROY DOTY 
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$50 to Fred A. Race of Euclid, Ohio, for this idea. Send yours (with 
Social Security No.) to Wordless, PoPuLAR SciENCE, 380 Madison Ave., 
New York, N.Y. 10017. Only purchased ideas can be acknowledged. 
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Some de-icers 
eat concrefe 


Keeping concrete sidewalks, drive- 
ways, or parking areas ice-free calls 
for use of a proper de-icer. But if the 
wrong chemical is used, the concrete's 
surface can be harmed. 

De-icers work by lowering the freez- 
ing temperature of surface water. The 
degree of lowering depends on what 
de-icing chemical is used and how 
heavily it's applied. As a further ben- 
efit, when a de-icer goes into solution, 
some chemical heat may be generated 
to help melt snow and ice. The bad 
news is that, apart from their chemi- 
cal action, all de-icers, regularly used, 
act physically on plain concrete and 
can cause surface scaling. 

Common rock salt—sodium chlo- 
ride—is the most popular and least 
costly pavement de-icer. It should be 
applied liberally to avoid most night- 
time freeze-ups. For example, a three- 
percent salt solution freezes at 29 
degrees F. So when daytime temper- 
atures hang around the freezing mark, 
colder nighttime temperatures will 
surely freeze a three-percent solution. 
However, a 10-percent salt solution 
will not freeze down to 20 degrees. 

As the table below shows, most 
harmful to concrete are de-icers con- 
taining ammonium nitrate and am- 
monium sulfate. These react chemi- 
cally with the cement in concrete. 
Portland Cement Association (PCA) 
warns against extensive use of these 
de-icers. 

Unfortunately, the labels on de-icers 
rarely give information on their chem- 
ical makeup. Just be sure to stay away 
from any touted as being “beneficial 


to lawns.” This is a tip-off to the fer- | 


tilizer type. What is preferable, PCA 
says, is a de-icer using sodium chlo- 
ride or urea. 

Also, concrete placed late in the fall 
without adequate time for air-drying 
is particularly susceptible to de-icer 
damage.—Richard Day 


DE-ICER DAMAGETO EFFECTON EFFECT ON 


CHEMICAL CONCRETE PLANTS METALS COST 
Sodium 

chloride slight damaging corrosive low 
Calcium very 

chloride slight slight corrosive moderate 
Ammonium 

nitrate heavy beneficial slight moderate 
Ammonium 

sulfate heavy beneficial slight moderate 
Urea none none slight high 


No purchase necessary. Rules available at par 


K ae ae 


TWIST&SHOUT. 


You use it because you care about 
your car's performance. You trust it 
to protect your engine through 
the toughest heat and cold. You 
depend on it to guard against 
wear, and clean as it lubricates. | | 

You expect quality like this from “iets 
Phillips 66 TropArtic all-season k | 
motor oil. 

Now let TropArtic exceed even 
your wildest expectations with the 
all-new "Twist and Win" game! 
Look for specially marked classic 
gold bottles wherever you buy motor 
oil or at your local Phillips 66 
retailer. 

Limited offer! Send for $3.60 
back on a 12-quart case of 
TropArtic. Rebate ends 
November 30, 1988. 
Long live 
your car." 


PHILLIPS ? 


- =. | OP 
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4 - i mm 
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ticipating retailers. Void where prohibited 


poy MR & | 
mn. 


e MEMLXXXVII Phillips 66 Company 
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What's New at 
AMERICAN DESIGN COMPONENTS? 


51/4" FULL-HEIGHT 51/4" HALF-HT. 10Mb 51/4" FULL-HEIGHT 
LM mE HARD DISK DRIVE K DRIVE 


DRIVES ` > 
: s oi m 1 


e warehouse 60,000 items at 
American Design Components- | H 
expensive, often hard-to-find com- 
ponents for sale at a fraction of their 
original cost! 
You'll find every part you need — 
f either brand new or removed from 
equipment (RFE) in excellent condition. 
But quantities are limited. Order from | 
this ad, or visit our retail showroom 
and find exactly what you need from 
the thousands of items on display. 
Item #17765 New - $379.00 


OPEN MON.-SAT., 9-5 
| 10Mb (ST412 Compat.) 


THERE'S NO RISK! pridie 


51/4" HALF-HT. 
FLOPPY DISK DRIVE 
(Special "umma 


48 TPI 
40 Track 
IBM* Compatible 
Double side/double density. De- | 
signed as a half-ht. body on a full- § 
ht. front filler panel (beige face 
plate). Mfr - Remex #RFD480 


Item #18173 $59.00 ea. 


| High speed, 40 ms. access time. 
Quantum #0540 


48 TPI,40 Track, 
Double Side/Double Density 
Tandon #TM100-2 or equiv. 


Item #7928 $79.00 New 


High speed. 
(IBM* compatible) 
Mfr - NEC #D5124 


With our 90-day warranty, Item #17199 $99.00 ea.| | item #19704 New -$99.00 2 for $150.00 New or 2 for $100.00 - New 
any purchase can be returned for EXTERNAL 


DISK DRIVE 


any reason for full credit or refund. | INDOOR/OUTDOOR 


COMMODORE MULTI-PURPOSE 


PEAKER 
COMPUTERS... de 8 Ohm 


Ideal for use 
in siren and M js ER 
marine applica- B 
tions. 40 watts = 
nominal input, 

8 ohm impedance. Frequency 
range: 400-13,000. Extra heavy- 
duty plastic casing, weather- 
proof and weather resistant; 
swivel bracket. Dim.: 11" x 61/5" 
Mfr - #HS-12SBP | 
item #19617 New-$29.95) 


12/24VDC MUFFIN*- 


| TYPE FANS. 
55/100CFM 5 


Multi-position, 30", Je) 

completely adjustable 

swing arm with 3-way 

meta Rina le tin yet 

magnifying lens, w/ruler. Porce- 
TESTED — LIKE NEW! lain lamp socket & on/off switch; 

Mfr — NEC, model FD1035 uses up to a 60W bulb. Color: 
Item #17171 $79. 00 ca. beige. UL listed. 


2 for $150.00] item #13136 New - $29.95. 


115 CFM MUFFIN® [TTL MONITORS.. s 
FANS | . 


1 Mb (unformatted), 135 TPI, 3 ms. 
access time. Power require- 
ments: +12, +5 volts. Removed 
from operational computers — 


2 full-ht. drives - our item #7928 
2 floppy drives... #1904 
1 hard | drive & 1 MD TET #13250 
Input: 115/230V, 50/60 Hz. 
Orig. for Burroughs computer. 
Dim.: 11"W x 8"H x 12" deep 

item #14541 $59.50 
COMPUTER/GAME 


ADAPTERS... 


(Cust. Returns — Tested Good!) 
| Built-in software incl.: a word processor, 
aprono sheet, graphics, & a filing system. 
mes complete w/power supply & in- 
struction manual. 


Item #19202 $49.95 
VIC 20 — (Cust. Returns — As Is!) 
No guarantee. (Power supply not incl.) 


item #18770 $29.95 


| COMMODORE 8050 
Dual Disk Drive 
Unit... 


115VAC, 
BOHz., 
21W., 


28A., — 
3100 RPM, lads model, alu- 
minum housing. Can be mounted 
for blowing or exhaust. 


BW.Canbe  ,"&- 
mtd. for blow- > = 
ing or exhaust. Alum. housing. 
Brushless, ball-bearing type. 
1" THIN: 5 plastic blades with 
feathered edges. 

Centaur 4CUDC24K4-601 


um #8541 New - $19.95 
" STANDARD: 5 eus blades. 


12"-Monitor Kit 
Green phosphor. Input: 115VAC. 
Made up of sub assemblies: 
e DOM. & ener net 
Dimen: 411/,." sq. x 11/," dee ook-up diagram inc 
NEW__-MIMG. | item #6811 New - $19.95 


item #1864 $9.95 | 15" Data Display/Monitor Kit 
Alphanumeric & graphics display. 


COMMODORE 

DC Output 5VDC @  7.5W 
and 9VAC @ 6.7VA 

Input: 117VAC, 50/60Hz. 

Commodore #310157-02 (black) 


item #19315 New - $24.95 


COLECOVISION 
DC Output +5VDC @ 9A 


The 

B050 uses 
2 full-height, 100 TFI | 
e -sided disk drives, ea. w/storage cap. of 


| USED — Mfr: Centaur/Howard | Cantar #CNDC24K4-601 
bytes. Ea. 8050 diskette has 77 tracks Green phosphor. Input power reg. 
& is read/write compatible w/the 8250 disk | item #6345 $5.95 [| 24VDC. Bandwidth: 22-72Khz. Con-| item #12848 $14.95 RFE -5VDC @ .1A 
drive. Complete w/built-in power supply. — | sists of 2 subassemblies: CRT & ef TE +12VDC @ .3A 
Kui iie needa Cal! or write with any KIRT MM Free Catalog with Pona a e 
m a Wx 135/,"D x 6" s Gardner # el oleco ac 
item #19313 New - $89.95 other requirements... w16171 Now $24.95 every order: item #1882 New - $9.95. 
HEAD & SCREEN GELL CELLS/ NICAD BATTERY MECHANICAL - 


ADAM COMPUTER 


dest rn EAT KIT |LEAD ACIDS PACKS (Rechargeable) KEYBOARDS. D 
um (51/," i f eg 
eredi Diskettes) co apenas or 


alarm systems, remote 
control boats, robots, etc. 


Se 
M 


"AA" Cells (~~ z$ 
z -— É 
@ 1 

Pd 


450ma ee 

| Contains 10 "AA" cells, con- 

| nected in series. Recharge rate: 
| 45 ma., 16-18 hrs. Case w/tab 
output connex. 

| Dim.: 24g" x 2 y," x 215i” 

Mfr = GE #123233 


| 48-KEY - Timex 281/1000. 
Item 46712 New - $5.95 


75-KEY - Timex or Adam 


| Maintain your disk heads & CRT 
screens. Use regularly to help 

prevent memory loss & down- 
time. Protecting users from eye 


necessary - 
(just plugs together). Incl: hook-up diagram; 
Keyboard, 1 cassette digital data drive, 2 gmi 


| = ; | @ 
| controll &1 ble : le of head-cl 
of running CHAR hee bultsn word proceevor fluid, 2 head-cleaning diskettes, '& | 9.5Ah Item #5443 $5.95 nre | For computer upgrade- 
10 wet/10 d | d a " Itam 47429 New = $5. 95 
Item 47410 Complete - S99.00 | 10 wet/10 dry screen cleaning pads. ne oo oe 
ACCESSORIES... m pose Now e $7.95] Dim: 5H x ERW: : bee > [Cells uitam, ery- se aped 
DATA DRIVE — Item #6641...$19.95 - Ea c iil a Mfr - Elpower or equiv. 12V Item SM New = OJ. | 
PRINTER POWER SUPPLY — COLECOVISION item #7039 $14,95| @ NEON TRANSFORMER 


Item #6642...914.95 
ASCII KEYBOARD - 
#6643...919.95 


CONTROLLERS (Set ry 4) 
Item $7013...$9.95 RFE 

ADAM CASSETTES — 

Incl. Smart Basic, Buck Rogers & blank 

cassette. Item ii NN 


1.2Àh. 

| Consists of 10 "Sub C" cells. 

Connected in series. Case w/tab 

output connex. Recharge rate: 

100 ma. for 14-15 hrs. 

Dim.: 45" x 13/4," x 17/5" 

Mfr - GE or equiv. | 
Item #19677 $9.95 RFE} 7300 VAC 


Accessories... 


EXPANSION MODULE $2 
Play arcade quality driving & rac- 
ing games on your ColecoVision. 
Incl. Turbo cartridge. | 
Item #13146 New - $39.95] 


(Hi-Voltage) 
6V @ 9.5A E 
w/Mating Charger 


Same as above, 
with 6V @ 400ma. charger. 


Item #16551 $17.95 


— $19.95| ROLLER CONTROLLER | 
DISK DRIVE POMC aur SUPPLY Gives full 380«game control. Hi- | "C" Cells , 
Item 4$14603...5$ 14.95 | speed action of an arcade. Can be May be used 
ADAM DAISY PRINT WHEEL used withe Adam. inci. SMMér — | sony s ui ud aif Ng es sc err 
P vend #13305 $3 95 cartridge. $39 9 @ e qi 7.2V £ _ | neon M PM in E 
PD... e. | _ $20 | ing oil burner ignition transformer, 
COLECOVISION to ADAM tem #12147 New -95| conn @ building Jacob's ladder (spark 


1.25Ah. 

Consists of 6 "C" cells. Connected 
in series. Recharge rate: 80-100 
ma. for 16 hrs. Dim.: 6" x 17/4" 
x 1". Major Mfrs. 


Item #19676 $9.95 


SUPER ACTION 
CONTROLLER SET 

Gives you indiv. control of 4« on- 
screen players. Includes Baseball 
cartridge. 


Item #13148 New - $39.95 


EXPANSION KIT 

Just plugs into your ColecoVision. W/printer 
power supply & data drive (both incl.) you will 
have a working Adam computer. Adam key- 
board, 1 Smart Basic cassette & hook-up dia- 


|gremalsoind. ^ item #9918 $59.50 


gap). Hi-voltage output: 1/4 quick 
connect terminal & case ground 
input fully enclosed metal case. 
Wt. 12 lbs. Base mount: 41/,"H x 
54," W x 67/7". 

Item #151 New - $14.95 


Dim.: 5?/g" x 33," x 215"D 
Mfr - PowerSonic #PS-1260 


Itern #19673 — $19.95 


"Ihe First Source"— for electromechanical & electronic 
equipment and components — AMERICAN DESIGN COMPONENTS! 


T. ERA COLOR — ITOR au AT M "Arm GYROS... Miltary aircraft gyroscopes provided i positiona i at 

Hz — WE A D LA formation to auto pi navigation systems. 

101-KEY KEYBOARD | trousanas of doles; previous sold by ADC for over $200.00 — 
Get them while they last! (Shown less casing, but case is included.) | 


Integrating Rate 
HIG 5 . Summers 
315A 


| y- 

Scanning freq. to 25KHz. Resolution: 752 
x 410. Input: 110/220V, 50/60Hz., 75W. 
Mtd. in metal chassis. Works ideally 
w/the EGA "Wonder Card" (sold below). 
Diagram incl. Hitachi $CD1215-DTL 


item #18059 $129.00 
* Also available in 14" 
(Same specs as above.) 
Hitachi #CD1415-DTL 


| * Membrane — 

| * 12 Function Keys 

| * Separate Numerical Cursor 

* LED indicators for Scroll, 
Caps & Number locks 

* 1" inclination Foot Stand 

Mfr. #29079 

Item #19680 New - $49.95 


DC Output:  «5V @ 18A 
-5V @ 2.5A 
412V @ 2.5A 
Input: 115/230VAC, 50/60Hz. 
Dim: 13"L x 4'/5"W x 115"H 
Mír — Sola 439-139 
 Memi17210 New - $29.95 


Max. rate: 1 rad/sec.; torque 176; line- Range: 1/2 deg /sec.; switch out- 
tivity: 30 rolls/radian. Spin motor. 10V, 40Hz Motor speed 23 000RPM j 
3-phase, 400Hz. Synchronous speed: ce a CREE jc nf 

" d miniature size. Contains tons of 
12,000RPM. Minneapolis Honeywell components and precious metal 


#GG1B-2, Series 5 | ick-offs 
item #6923 $19.95 ^" 9... s6887 $12.95 


item #18599 $149.00| ADJUSTABLE VOICE-ACTIVATED |ROAD RACE ‘WALL TRANSFORMER | 
EGA WONDER CARD POM EH SUPPLY SWITCH |. POWER SUPPLY 


(EGA/CGA/HGC & MDA Compatible) | (12 VDC) 


Input: 120VAC/60HZ., .6A. Output: 
variable, 0-16V, 16VDC max. @ 
4.0A. UL approved; thermally pro- 
tected. Has ‘on/off’ indicator light 
& front panel mtd. polarized jack. 
Perfect for use w/variable speed 
niotors, fans, toys, etc. 

Dim.: 65/4"W x 33/4" H x 3'/5" deep 
Mfr - Black & Decker #9821 


Ideal for robotics, lights, € 

etc. Turns on withe first sound & 
off w/the second. Solid-state units 
wiadjust. sens. control & pick-up 
microphone attached to PC board. 
Dim.: 23/," x Sig" x Tja”: VOX in- 
put: 6-9VDC: can be used wany 
standard battery. Item #16440. 


Item #19585 New - $19.95 3 switches / $9.95 
1/4 HP, 14,000 RPM WATER/ 
MOTOR wi/Speed Control guai, PUMP 


Offers wide flexibility: displays al! major software 
standards on any of tha major monitor types. 
Incl: connectors for EGA & RGB color monitors, 
TTL & composite monochrome monitors. RF 
modulator, PC portable, video in/out light pen 
& IBM feature connector. User-friendly manu- 
al; 132 column support for Lotus 1-2-3, 


__ltem #19693_ New - $229.00 
ANTI-G LARE SCREENS... 


Input: 115VAC/60Hz.. 
Output: 12VDC @ 1.5A. with 

24 VDC @ 1.5A power boost. Can 

be used as a 12V general-purpose 
power supply & battery charger. 
Mfr - Athearn, model #631 


item #19589 New - $12.95] 


SYNCHRO INDICATING 
SYSTEM 


Output: 12VAC, 54VA 

Input: 120VAC/60Hz., .60A. | 
With 7'L power jack & standard | 
6’ long AC plug.. ULapproved. | 
Dim.: 3H x 4'/"W x 3"D | 
Mfr - Ault #374-54 12-0003 | 
Item #19785 E3723 95 | 


| 115 VAC; 60 Hz.; 

| -3 amps. Low 
noise, high Pésioolame fan 
| for cooling in tight places. Five 

| plastic blades w/feathered edges, | 


| TI5VAC/60Hz. CW rotation; tool | 
| & appliance duty. Ideal for use | For use in pumping water/chemi- 
| in high-speed drills. With speed | cals, hot/cold. Range: 30 GPM @ 
control; can be used at variable | 30 ft. head; max. head 50 ft. Pump 


Monochrome....................... ite n #19215 
E 120VAC, 60Hz. Excellent indicat- 


| IBM PC Color ...................... „item #19216 | < bd i upplied with 1/3 i | 
| | speeds for mixing paints, etc. | is supplied with 1/3 HP motor, 115/ | ing system for general purpose i ing. Ball n 
arene: | Shaft: 5/6" dia. x 1'4"L 230V, 50/60 Hz. Therm. protected. | applications. Use as a beam or ther say potach "Peers 
Dim.: 2 Wo "dia x 31/;"L. Inlet: Vp x B" dia. x 51/,"H position indicator for valves, flaps, split capacitor motor (cap. built 
Mfr — Northland #72110 Mfr — 2895-002 gates, etc., when used with a — | in). Dim.: 624"H x 6.95" W x 2D. 
EEN EARE | | item #7430 $12.95 Are] tem #9983 New - $59.50 | balanced pointer. Type 1 HCT. | Mfr — Rotron #MR2B3 


(Speed control included.) or2for $100.00| — item 462817. $19.95 /pair| Item #6301 $19.95 RFE 


— "PUMPS m COMPRESSORS — BLOWERS — MOTORS — POTENTIOMETERS — COUNTERS — 
— TIMERS — RELAYS — POWER SUPPLIES — VOLTAGE REGULATORS — 


Perila rs with 
| increments 1 to 7.500 


memory in 
64Kb increments 

* Fully socketed for easy upgrade (BM 
parity checking) 


Item Step Torque 
No. Angle Voftooá oz/in. Type Mfr. & Part No. Dimensions 


* Memdisk: simulates high-speed disk in sem — que s "e "e Moet. -FF-8201B i 
memory i ^ “di ` 
* Allows you to print while still using Reversible capacitor ir induction 7630 1.800 3.0 200 PM n ror. - 2"L x 2W," dia. x 2U,"H 
digesta pieta | motor. 115V/60 Hz., 30 in./Ib. 16410 18% 120 700% PM Applied Motion — 11;"sq. x 11,"D 2  $9.95ea. 
dm Ua (uon v. [iota Frnt ange mount is aire, 
' | imen:3 "DxS5'L; 16406 3.600 120  700* PM plied Moti 15" sq. x 11,"D 2 ($9.95 ea. 
Item #19977 New - $29.95 Shaft: * Dx 1" L. ee ee 2 for $14.95 
* 64Kb RAM in sets of 9 7014 7.50 12.0 900% PM Mitsubishi 2V" sq. x 1"D 3 $10.95 es. 
55SI-25DAYA 2 for $19.95 


Item #19983 293 chips for $1 7.50|. *Grams per Cm. 


AMERICAN DESIGN COMPONENTS, 


THERMAL PRINTER 815 FAIRVIEW AVE, PO. BOX 220, FAIRVIEW, N.J.07022 — MINIMUM 
Dot Matrix—120 CPS YES! Please send me the following items— [C] My check or money order is enclosed. $15. 


LI Charge my credit card. PS-1188 
O visa  L]MeasterCard [C Amex | 
Card No. l 
Exp. Date 
Signature = 

Telephone: Area Code Number 


Name 


Total 


Shipping & handling: we ship UPS unless | 
otherwiee specified. Add $3 plus 10% of total 120 — ————X 

Print speed: 120 CPS; paper width: 81/2”. Canadian: $3 plus P.O. cost. Charge only. Ci 

80/132 columns/line. With RS-232 IBM serial _ Sales Tax (N.J. residents only, Yo 

interface. Operates on 115/230V, 50/60Hz. please add 6% of totali | jum 0 — 0 o—ÀHPB 0 Snnn— 

Hewlett Packard #HP2671A Order} ORDER TOTAL |__| AN inquiries and free catalog requests—call (201) 941-5000. 


(Removed from working systems!) $79.00 For all phone orders, call TOLL FREE 800-524-0809. In New Jersey call (201) 941-5000. 


GET INTO 


CHROME 7 
FINISH | 


RATCHET GEAR E 
T WITH32TEETH Æ 


BRONZE 
BUSHINGS 


STANDARD 
3/8" DRIVE 


SHIPPING & 
HANDLING 


^  worki in the nest 
impossible situations 
| with the Sidewinder 
^ J Speed Wrench. * Where 
space limits ratchet travel. 
* Where theres lack of resistance for 


the ratchet to function. e Where excessive | 


repetitions are required for long bolts. 
One 360? turn of this specialty tool is 
equal to eight normal ratchet motions. 
Of quality construction, the Sidewinder 
is torque tested to 150 ft. Ibs. and 
carries a lifetime warranty. 
Found in tool kits of major racing teams. 
To order, call today 


1(800) 999-3405 
We ship U.PS. daily. 


MASTERCARD AND VISA ACCEPTED 


SIDEWINDER 


PAODUCTS CORPORA TION 
2066 Old Rocky Ridge Road 
Birmingham, AL 35216 
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The econocar redefined 


[Continued from page 92] 
did edge out the Corolla, mainly on 
the basis of its narrow track. 

We also found some fade in the 
brake tests, along with a longish 166- 
foot stopping distance from 60 mph for 
the Metro, although the Corolla came 
to a halt at 168 feet. Granted, we were 
stressing the Metro, a car designed 
mainly to get you to work or the sta- 
tion on time. Upgrades on the turbo 
model are a likely cure for these ills, 
but the base car could be more fun to 
drive. 

Driving impressions 


Off track, the elusive character of 
the test quartet became more defined. 
Honda has come a long way from the 
motorized Dutch shoe that first hit 
these shores a decade and a half ago. 
It's also a long way from the econobox 
Civic, which found such favor with a 
lot of disgruntled Beetle owners in the 
1970s. Today it's a slightly miniatur- 


| ized (your family, yes—the family 


pooch, no), completely sophisticated 
sedan. Aside from the scale of the car 
and its components—and its ultra-ba- 
sic interior styling—it could sneak 
into any country-club parking lot with 
aplomb. 

Add to that crisp handling and a 
ride that only gives up at the limits of 
suspension travel, and it's tough to 
ask for more. Likewise for the strong 
performance of the Mitsubishi, with 
its understated but pleasant road 
manner coming as a surprise. This 
from a car that in years past was 
mainly a solid little engine in a tinfoil 
wrapper. The rough edges are gone, 
and the Mirage has a higher-waisted 
solid feel that promotes a sense of lux- 


Econocars: second opinion 


| Honda reengineers the Civic line every four 


years, whether it needs it or not. This blister- 


| ing pace of advancement has made it next to 


impossible for other manufacturers to keep 


| up. Chevrolet, even with the aid of small-car 


specialist Suzuki, can't compete with the Civ- 
ic. While the new Geo Metro is attractively 
priced (one of the cheapest cars available in 
the United States) and roomy, it's short a cyl- 
inder under the hood and decidedly lacking in 
over-the-road poise. Unless every nickel 
counts, you'd do well to spend a bit more than 
the Metro costs for an all-around-satisfying 
small car. 

Toyota has more subcompact experience 
than anyone in the American market (includ- 
ing Honda), having shipped Corollas here for 
20 years straight. The new-for-'88 sixth-gen- 
eration Corolla is powered by a sophisticated 
16-valve engine and is handsomely styled 
with a lovely, well-appointed interior. Unfor- 
tunately, the Corolla stumbles when you ask it 
to deviate from the straight and narrow. With 
no front sway bar, the Corolla's skinny all- 
season tires are easily overloaded during even 
modest cornering maneuvers. The Corolla was 


ury. This bodes well for Chrysler, 
which will be selling a higher-pow- 
ered version of the Mirage under its 
own label in 1989. 

Toyota attempts to pick up some 
West German cues in its instrument- 
panel treatment, and generally the 
new Corolla is a sleekly styled upscale 
piece of basic transportation. Its 
strong point is the engine, which re- 
tains a bulletproof reputation along 
with the solid performance of multi- 
valving that easily eclipses the Mitsu- 
bishi's performance. The Corolla's 
handling could be improved, however, 
and the car lacks the overall slickness 
of the Honda and Mitsubishi in its de- 
tail work. 

The Metro has some qualities that 
can charm you like a baby raccoon you 
catch investigating your garbage. 
You could buy a Metro-and-a-half for 
the price of any of the others in the 
test group. This gives the little charm- 
er such a strong economic edge—even 
before you fill the gas tank—that it's 
clearly the bargain leader. But nei- 
ther is anybody going to mistake it for 
a BMW either. Our test car was a bit 
more solid than the old Suzuki-built 
Chevrolet Sprint the new Metro re- 
places, but the cost-cutting shows up 
in its sparsely padded interior and 
Spartan design. 

Overall, the technical improve- 
ments and quality of these *economy" 
cars left me thinking that if you dig 
deeper in your pocket, you might get 
more room, a few more gadgets, and 
the valet parking attendant's atten- 
tion, but you won't necessarily get a 
more comfortable or technically so- 
phisticated car. ^B 


noticeably deficient through the Porutar Sci- 
ENCE traffic-cone courses; handling traits in 
the real world are also below par. 

The new-for-'89 Mitsubishi Mirage is a dis- 
tinct improvement over past subcompacts 
from this manufacturer. It matched the 
Honda Civic nearly wheel for wheel through 
our tough handling tests and beat it easily in 
braking, all the while rewarding the driver with 
an eager response to his every whim. The Mi- 
rage doesn't accelerate as quickly as the 
Honda, but it makes up for that lapse with a 
significantly larger interior. In fact, according 
to Society of Automotive Engineers measure- 
ments, the Mirage is too big for the subcom- 
pact class. At $10,000 or so, the price of this 
car is well below the average cost of new cars 
these days, which makes it something of a 
bargain. The only reservation | have concerns 
depreciation. While Hondas almost appreci- 
ate in value as they age, nameplates that 
aren't so revered don't hold their value. 

If it's a blue-chip subcompact you're after, 
the Civic is your best bet. If you're the adven- 
turesome sort, try the Mitsubishi Mirage. With 
more room and a cheaper price tag, it's the 
one small-car bargain that merits a long and 
thoughtful test drive-—Don Sherman 


Practice wheel & rim safety, 
and we'll give you this solid 
bronze belt buckle. 


Avoid needless accidents! Ask 
for the wheel & rim safety train- 
ing kit provided jointly by The 
Goodyear Tire & Rubber Com- 
pany and Motor Wheel Corpora- 
tion. Post the charts in your 
garage. Train your service people 
in proper procedures. And we'll 
send you a free Think Safety belt 
buckle. 

Write Wheel/Rim Safety Dept., 
1116 N. Washington, Lansing, 
MI 48906-4841. 


eas ie Pie Satay ty. F 
Stare ep Lee i agar aan 


A safety education program 
sponsored jointly by 


GOOD YEAR 
and 
MOTORE WHEEL 


EASY-TO-ASSEMBLE-KITS 
In Stock for Immed. Shipping or Pick-up. 
ony 125 ogy pall - 

(hts. 7' 6" to 8' 1") 


Comparable savings on diams. from 4' to 7'. 
Kits available to fit any floor-to- foor hts. 


Now! 
Showroom & 
Warehouse 
locations in: 
Pomona, CA 
(714) 598-5766 
Sarasota, FL 
(813) 923-1479 
Houston, TX 
(713) 789-0648 
Chicago, IL 
(312) 952-9010 


€ The Iron Shop 1977, '82 


People who've looked everywhere tell us there 


isn’t another spiral stair around that touches | 


our combination of price and quality of mate- 
rials and workmanship. We believe it! 
CALL OR WRITE FOR FREE BROCHURE: 


Peale Pa 19008 - Our Tel. (215) 544- 7100. | 
| 


| Name... — CM Se O. 


| 
N a E —————————— ——] 
| 


pirum Zip 


i | 


THE IRON SHOP 


MANUFACTURERS — — 


| Why build your 
own Classic Roadster! 


Because it's a fun and rewarding project. Thousands of 
people, like you, have built and are now driving 
their own Classic Roadster. Our kits are engi- 
neered for easy assembly and years of dur- 
ability. And our quality is guaranteed. If you 
prefer, we will custom build a roadster for you. 
Now equipped with V-8 power! 
"Whether you're looking for a factory built, turn-key roadster The Sebringr 
or want to build your own from a first-class kit, Classic Austin-Healey reproduction 
Roadsters is the way to 20^" The Editors, Kit Car World 
Also available: Jaguar, MG, and 4 passenger Mercedes reproductions. 
Call today for free videotape and brochure information! 


1-800-444-4446 :; 


For International Export Call (701) 293-8866 


|  — € — —  — — —— —Ó— — — — — — — —  — — —  — — —  —  -—— -— — — € — s — — s —  — —)s 


2635 Name 
| Pl ease send me the following information: S UR | 
[i |] Easy-To-Assemble Kit Phone (day) ( | 
O Custom Built Roadster Phone (eve) ( ) | 
| A) — — FREE Color Brochure, parts & Add | 
options info, and Corporate Report pem AAS cde ter iL ae EET 
| B). .. ($5.00) 16 pg. Product Catalogue, City — . . 1 State. Zip. | | 
plus 24 pgs. of company, component (] VISA [ MasterCard | 
De & pricing info # Exp. — / / 
decken ($15. 00) VHS Videota je (corporate Coupon must be complete to process. | 
xir profile) plus “B” literature Classic Roadsters, Ltd. | 


1617 Main- Ave., Fargo, ND 58103 


280 CFM 
Blower 


pkg 
[> — ($2. 00) Busines Opportunities report 


ITEM 16-981 


SA E ‘MONE YI T "UEM tor 


Assemble this MAGNATRAC,, Bulldozer KIT ! 
Thousands sold for excavating, gardening, log- 
ging, landscaping. Work for others for CASH! 


e CATALOG-Kit construction &uses....$1.00 | 
9 KIT ASSEMBLY MANUAL —See Kit compo- CALL 800-228 3407 
nents & full assembly details.................57.00 Burden's Surplus Center 


STRUCK-KIT *Box 307* Dept: PS118 1015 West "O" + P.O. Box 82209-PS * Lincoln, NE 68501-2209 


Cedarburg, Wisconsin 53012 Ask For Free Catalc C f 
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The Woodworkers’ Store | 
has everything you need 
to create your own 


woodworking project! 

» Wood Parts - Fasteners 
» Specialty e Pulls 

Hardware * Toy Parts 
» Plans » Lumber 
» Veneers e Mouldings 
e Tools » Finishing 
«Drawer Slides Materials 
» Knobs * Books 


We're America's most complete 
source of quality woodworking 
parts and hard-to-find specialty 
hardware and supplies. Many of 
our products are exclusives, and 
can only be found in the 48 pages 
of our full-color catalog. 

» Satisfaction Guaranteed 

* Fast Delivery Most orders 

shipped within 24-48 hrs. 
(Next Day Service available.) 


Get this full 1/2-pint of 
Titebond Woodworker's 
Glue FREE with 
your first order! 


es 
Ha S| S 
The EQIP. 


gu | 
To: The Woodworkers' Store 
l — 21801 Industrial Blvd., Dept. 1214 
l Rogers, MN 55374-9514 
" 1j Yes! Please rush me my subscription 
| to The Woodworkers' Store Catalog. 
| I've enclosed |_| $1 for 3rd Class or 
I 
I 
] 
| 
I 


| 1$2 for 1st Class. 
E Yes! Please rush me my certificate 
for FREE GLUE with my first order. 


Name 


| Address — —— 
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DRAWINGS BY RUSSELL VON SAUERS 


MICROMETER 


Brake drums or rotors that have worn 
beyond their normal life can cause 
dangerous brake fade, seriously de- 
creasing your car's stopping power. 
The pedal will remain high and feel 


| firm, but the friction surface will be 


too far from the rotating wheel part 
to properly stop your vehicle: The shoe 


fy |. CORROSION 
! i V ON COIL TOWER 


Coil corrosion 

Hard starting during wet weather? 
Corrosion at the high tension tower 
of the ignition coil could be robbing 
spark from the plugs. Carefully in- 
spect beneath the ignition wire's rub- 
ber boot for corrosion and damage. 
Clean corrosion from the tower—but 
if the tower shows signs of major cor- 
rosion or is cracked, replace it. 


Breaking away from the worn-pa 


Taking Care of Your Car 


By STEVE MERCALDO 


DRUM 
MICROMETER 


or pad will not apply sufficient pres- | 
sure on the drum or rotor. Use an out- 
side micrometer caliper to measure 
the thickness of the suspected rotor; 
use an inside micrometer to measure 
the inner diameter on the drum. Im- 
mediately replace any drum or rotor 
that is out of manufacturer's spec. 


Ball-joint game 


Before replacing a ball joint, inspect | 
the tapered hole for size and round- | 
ness. If it has worn, the ball-joint stud 
can move, rock, and possibly break 
when stressed. The best test is to in- 


| sert the new ball joint into the hole | 
| and try to wiggle it side to side. Any 


movement indicates that the control 
arm requires replacement. 


Got a useful car tip? Send it (with Social Security No.) to Car 
Care, POPULAR Science, 380 Madison Ave., New York, N.Y. 
10017. We'll pay $50 if we use it. No tips can be returned. 


| forth until it breaks. The stud and nut 


SHOCK 
ABSORBER 


Shock salver 


When replacing shock absorbers the 
toughest job is usually removing the 
old shock. Try this technique: Using 
a V5-inch-drive deep well socket with 
an extension, rock the stud back and 


flex on the rubber bushing, leaving the 
frame undamaged. 


Spinning wheels 
When tires spin wildly on ice or snow, 
it can not only get you stuck, but can 


also destroy your tires. The centrifu- 
gal force created by the wheel rapidly 


| turning can tear a tire apart from the 


inside out. If stuck, try gently rock- 
ing the car back and forth, use trac- 
tion pads or chains, or else call for a 
tow truck. 


Guaranteed to get everydog in your neighborhood 
barking...it sounds that real. 


"Man's Best Friend" 
scares off burglars 
electronically 


Nothing stops a burglar quicker than 
a vicious guard dog. The new Barking 
Dog Alarm does just that without the extra 
trouble of feeding, walking, fleas or vet 
bills. 

Simply plug your "new dog" into any 
standard outlet and it “barks” for 55 
seconds. Then it shuts Itself off until it 
hears another sound. Any sound causes 
"Man's Best Friend" to respond with a 
fierce bark designed to scare away 
burglars. 

You control the loudness of the bark 
which is recorded on a computer micro- 
chip (so there's no chance of broken or 
jammed tape). Your new barking dog will 
be as clear and realistic the 1000th time 
as the first. 

You also control the amount of noise 
it takes to activate your "new dog" any- 
thing from a whisper to a loud shout. 
Adjustable bracket lets you mount it on 
the wall, ceiling or floor. UL listed and 
a one year warranty. 


GUARANTEED! 


Try Barking Dog Alarm risk-free 
for 30 days. If you're not completely 
satisfied, send it back for a full 
money back guarantee! No ques- 
tions asked. That's our promise. 


*Special Deal: 
Free Shipping and a $20 
Savings When You 
Order Set of 2 


Order this amazing Barking Dog Alarm 
for only $59.95 and $4.95 for shipping 
and insurance. Order 2 or more Barking 
Dog Alarms and enjoy the extra dis- 


Guard Your Home with 


Barking 
Dog 


Alarm 


(See our Special Deal*) 


Imagine a burglar 
trying to break-in 
to your home. 
Suddenly, the 
loud barking dog 
alarm scares him 
off! "Man's Best 
Fnend" stops 
burglars before 

| they break-in, 

| keeping your 

| home safe. 


counted price of just $49.95 each and 
SHIPPING IS FREE! That means a set 
of 2 is just $99.90 delivered. 


YOU SAVE OVER $20! 


Order Today 

For fastest delivery, call toll free 1-800- 
525-8624 or in California, 1-800-233- 
9559. Or send the coupon to Progressive 
Energy Corporation, 255 So. Bent Ave., 
B-1, San Marcos, CA 92069. All credit 
card orders are usually shipped out in 
48 hours or less. 


PRPS FFStete tees Seas d dE i | 
ï i 


Yes, | want to protect my home day 
and night with the amazing new Barking 
Dog Alarm. (Calif. Residents include 6.596 
Sales Tax.) 


O Rush me one Barking Dog Alarm at 
$59.95 each and $4.95 shipping. 


O / want to SAVE $20 and get FREE 
SHIPPING. Please send me 2 or more 
at $49.95 each—along with FREE 
SHIPPING. 


O Check O MC/VISA 


Charge Card No. 
Expiration Date 
Name 

Address 

City 

State 


O COD 


die — ——— 11 


Progressive Energy Corporation — : 
255 South Bent Avenue, #B-1, Dept. P5118 
San Marcos, California 92069 


CALL NOW, TOLL FREE 1-800-525-8624 
IN CALIFORNIA, TOLL FREE 1-800-233-9559 
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Wide Variety! 


coils! 


yourself what 
missing! Send 


ND Get high power from auto alter- 


You'll find plans and info on all 
types of unusual equipment from i 
lasers to century-old induction __ J. 
Build equipment your * 
friends haven't even heard of! - 


Write for a catalog! 


Write for your copy of 
Lindsay's new Electrical 
| Books catalog and see for 

ou've been 
81.00 (US & | 
Canada) or $3.00 foreign air- |. 
mail. We'll send your catalog 
immediately! Write today! 


Discover one of most in- 
credible collections of electric- 
ity and electronics books to 
come along in years. You'll find 
scores of high quality new 


books and reprints of rare old Mv... 
books on building and collect- posses 


ing old time radios including [ 


spark-gap transmitters, c ai 
tal sets, regenerative and o 

antique receivers, kariy teieph: 
ony and television, and more! 
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Build Tesla coils, 
coils, Wimshurst and other 
lightning bolt generators! Re- 
wind and repair motors! Design 
and build electrical generators! 


nators! You'll find quality books 
on these topics and much more! 


MAE 
Aste nie on 


City 


&— T Lindsay's Electrical Books 

| PO Box 12-WS2, Bradley IL 60915 | 

IS. Enclosed is $1.00. Send me a copy of 
y 


sneha ipei 


Science! ~ 


You'll even discover ^d 

a strange collection of books c on "Fringe 
Science" — lost continents, perpetual 
motion, unusual phenomena recorded 
throughout the centuries, and much 
| more. Explore the strange world that 
lies between fact and fiction! 


Lindsay's Electrical Books catalog via first 
class mail! 


"LI Zip— 


ULTIMATE 
BRAIN POWER 


meters to dinner dates. Plus a security 
system keeps your secrets safe from prying 


ey 


1 Sore roti | 


E eser SEHE c A 
quet ee A get d 
sen TIME, ^ 


es. 
Order your bigger brain today. If, after 


30 days, you're not completely satisfied, you'll 


prompt refund. For quickest delivery, 


credit card holders may call our toll-free 


number. Or mail your check or money order 
to the address below. CA residents add 6% 
sales tax. Please add the following charges 
for Shipping & Insurance — $5.50 for 


With its monster 8K memory, this tiny 
databank (3" x 4" x 94 ") has the power to 


keep pace with your busy lifestyle. Plus you 
get message alarms, security codes, data 


transfer, and more. 


Now you can consolidate all the vital 


any single unit and $1.00 for each optional 
leather case (credit card model only) 
or adapter. 

ll CheckBook Model 7? VB18 — $55.95 
E DeskTop Model #VB42 — $55.95 
Bi Credit Card Model #VB27 — $45.95 
B Leather Case 7 VB65 — $9.95 

BB Adapter /ZT900 — $2.00 


Order toll-free 24 hrs. a day 


800-443-0100 ext. 690 


RYANS 


L = = -= 


SHORTWAVE RADIO EXEC 


| One 8 ounce bottle, just 1 9.95 plus $2.00 shipping & 


14,000 miles after 
treating his car with 
Fluro-Cote... 


Irvin Allen drained 
all the oil out 

of his Datsun 280Z 

and drove around a 

race track 9 times. 


Oi was then put back in the car and 
Irvin Allen drove away- just to prove a 
point; Fluro-Cote treatment protects your 
engine and improves performance like 
nothing else. 

Fluro-Cote’s 8 oz. bottle contains 
enough PTFE (the most slippery lubricant 
known) to coat internal parts of all inter- 
nal combustion engines (gasoline or die- 
sel) up to 360 cubic inches. We treat 
metal, not oil. Hot metal bonds PTFE to 
itself, thus reducing troublesome friction. 
By reducing friction, Fluro-Cote: 

* Reduces drag, 

* Increases mileage, engine compres- 
sion, acceleration and engine life. 

* Allows easier cold starts. 

* Delays costly overhauls. 

Fluro-Cote meets or exceeds every 
manufacturer's engine warranty require- 
ments and is compatible with all petro- 
leum based or synthetic oils. 

If the skeptic in you 
needs more convincing call 
the toll free number below. 


1 Fluro-Cote 
Treat Your Engine Right 


information scattered around in your address 
book, calendar, wallet, and your head. And 
keep it neatly tucked inside your pocket. 
Day-to-day, you have instant access to 
phone numbers and appointments. On the 
road, you can quickly reference your credit 
card numbers, flight times, or your whole 
itinerary. In the office, all data can be 
down-loaded to the desktop (5" x 5" x 12") 
or credit card (2" x 3" x 4%") model using 
an optional adapter — a product exclusive. 
Need a little nudge? 16 message alarms 
remind you of anything from expired parking 
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23010 Lake Forest Dr., Suite D321 
Laguna Hills, CA 92653. 


8K memory holds up to 500 memos. 

l6 message alarms, one-year programmable. 
4 function calculator, time/date display. 
3-year battery plus 5-year memory backup. 
Includes instructions, 90-day warranty, 
30-day return privilege. 


i handling. California residents add 6% sales tax. i 

i [ [visa [| Mastercard | |Discover | |American Ex. i 

ii Acct. No. Exp. i i 

ES— — — | 
Address 

mI 
State Zap 

B5 1 

| Signah 

| Send check or money order to: Taylor Enterprises International Inc. | 

| 202 West Hillcrest Ave., San Bernardino, Califiomia 92408 ! 


1. 800 / 999-1995 


=l 


| 16 Ton Log Splitter 


Northern 


Your Handyman Headquarters 

Keys 77749 
Sale Prices Good Thru 11-30-88 
m [= m ^ ple—ÀÀ 


LJ Monster Maul 


12 Ib. Lumber Jack log 

splitter maul. All steel han- 
| dle. Splits most logs with 

one stroke. List $28.95. 


Log Splitter Timber Jack 


Detent Valve Lifts log so your chain- 
Auto return log splitter saw won't dig into the 


Item #11911 pud 2 ground. Pull slip pin & 
$16.99 VAIE; a mar arki ou rigid stand removes for 8 HP Tecumseh engine has cast 
Sale 2 let ports and Ye ai on Cant Dog work. iron sleeve. 100% copper wi 
y ing ports. tem $2020 — won 11902 Recoil starting. Item #16425. 
y Sale $49.99 C) See $26.99 Sale $389.99 
qb 
= | 
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WORLD’S SMALLEST 


WEATHER STATION 


Powerful 4000 Watt ~ 
Continuous Generator 


Best Selling Heater 
in the U.S.! Corona 
22,600 BTU Heater 


Now...Lasting 

Begins with This 

Simple Exercise: 
TEAS 


Dial 1-800-328-8995 — 
In MN 1-612-474-0992, In Canada 1-800-655-4872 | 
For a Free Brochure 

| on the New SIERRA 
Now there's a ski exerciser for the rest of us! With 


ORDER TOLL FREE! 


1-800-533-5545 
Save 20-50% 


v T 
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Fitness 


Clean reliable heat! n ; r 
5 HP engine. 11 GPM 2-stage pump, 24" — 2- -Stage Hydraulic Pumps 99.9% efficient-heats ^ " ij = PowerTools aLog Splitte S 
stroke, B" Wing Wedge. List $1100 11 GPM , 2" dia shaft %" inlet, up to 800 EM t ML M a Hand Tools and Equipment 
wii os Y+” oulei. tem #1012 lor tanichull.of kerosene. oor s Gas Engines m Air Compressors 
Sale $699.99 Sale $81.99 tem# 17285 a Generators and Air Tools 
e= Sale $112.99 =, m Hydraulic a Trailers and 
Deed i | McCULLOCH | ty Parts Trailer Parts 
4'x24"x 1",  Pro-Mac 605 Chainsaw a Welders m AND MORE!!! 
Closed pin center Big 3.4 cu. in. engine. 16" sprocket nose bar and = Shipping and nan not included. 
distance 342". chain. Automatic & manual oiling. 16.6 oz. tank. Tough Tarps M — —————— i 
ih $119.99 ius $199 o TW ded woven poly taps ! Send for your FREE 136-Page Discount Tools, | 
le a Sale - wu After mail-in factory rebate with rustproof grommets | Parts and Equipment Catalog! l 
at comers f. every 3 ft. I i | 
250,000 BTU 1 lem ze Sale | N 
oana Kaaa ~ 12,000 BTU 170 6x8 $2.49 |  . — | 
p infra-red Propane 1771 8x10 — $449 | i 
Compact, high pressure ` Heater. 100% safe- Mr. Double Heater 1772 10x12 $539 1 655 — — —— | 
healer produces up to ly shut-off valve. 24,000 BTU 773 (ede $8.99 TEN I 
250,000 BTU/hour. 23" Maintains constant Light one burner or 177A 12x20 $11.69 Cl —A4«— —————À 
high by 14" diameter. Pi- heat output down to two. Adjust heat from 1775 1Q16'x20' $17.95 I : | 
lot/safety control valve. minus 30 . Tank not about 6,000 to 24000 4778 20x30" $3599 ! "49——— 7P == jl 
Use 100 Ib. propane gas included. BTU. Tank not in- 4777 3)xa0 $5499 | | 
| cylinder. Item #1736 Item #1726 cluded. Items 1727 175 39159 Seros | Northern, Keys 77740 | 
| Sale $124.99 Sale $36.99 Sale $79.99 1779 30x60 $79.99 [59 Box 1219, Burnsville, MN 55337-0219 | | 


THE AMAZING WEATHER COMPUTER THAT 
YOU CAN HOLD IN THE PALM OF YOUR HAND. 


DIGITAR's new TWR-3 Micro Weather Station includes 
a computer, precision wind vane and speed sensor with 
mounting hardware, and 40 feet of cable. For only 
$159.95. With the optional, automatic-emptying RG-2 


Rain Collector ($49.95) you can even monitor rainfall! 


+ WIND SPEED 

s WIND DIRECTION 

+ WIND CHILL 

*» WIND GUST RECORD 


* RAINFALL (Optional) 

* TIME OF DAY 

* AUTO SCAN 

* METRIC / STANDARD 

* NICAD READY 

* ONE YEAR WARRANTY 


MAGNAPHASE INDUSTRIES, INC. 
1502 PIKE STREET N.W. 
MADE IN U.S.A. AUBURN, WA 98001 
ORDERS ONLY: 800-322-1502 
INFORMATION: 206-735-0074 FAX: 204-735-9044 


MAC & VISA 


| the new SIERRA by Fitness Master, you don't need 
| the balance and coordination of a cross-country 


| you can burn up to 900 calories an hour — 


athlete to reach your fitness goals. In just 12 minutes 
a day, three to five times a week, the SIERRA will help 
you shed pounds, strengthen your heart, and tone 
muscles, too. On this sturdy user-friendly machine 
with less risk of muscle strain or injury 
than other forms of exercise. 


Call or write today — no obligation! | 


Made in the USA by AEROBIC CONDITIONER 


Fitness Master 1260 park Ra, Dept PO2N, Chanhassen MN 55317 


m m. 
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Shoppers' 
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for this section, write Advertising Sales, Popular Science, 380 Madi- 
son Avenue, New York, N.Y. 10017 


A selection of products and services for Popular Science readers avail- 
able direct by mail. Enjoy the fun and convenience of mail ordering 
shopping. Please order directly from the advertiser. For advertising rates 


a ————————— 


— —= 


PUBLIC NOTICE: 


Due to a variety of reasons, (overproductions, dis- 
continued lines, Etc...) manufacturers & distributors 
get STUCK with inventories that must be liquidated. 
DAMARK walks in, lays.down cash, and takes the 
entire inventory. This is how we can offer you 
products at BELOW DEALER COST! Just LOOK 
at the values below and order today - QUANTITIES 
ARE LIMITED! 


Cotmseased NOCE RECOGNITION 
| DIALER TELEPHONE 


The Phone That He- | 

sponds to Your Spoken 

Command! Say "Jim... 

Dial" and it dials Jim! No 

phone numbers to look 

up or remember. Com- 

mand Dialer is the phone 

of the future. But it's 

here now! 

* Dial by Voice - "Pat...Dial" us at "n "wan 
Command Dialer dials: if Pat's line is busy, touch the REDIAL BUTTON. 

* Hands Free Speaker Phone- For family or business conferences. 

* 16 Number Memory - By voice or touch. 

* Long Distance Lock-Out - Prevents dialing long distance calls. 

* Meets the needs of business people, families, elderly, 


LIQUIDATE 
AT FAR BELOW 
& — DEALER COST! 


VIDEOWRITER/ 
WORD PROCESSOR | 
A revolution in writing is right 
at your fingertips! NO TRAIN- 
ING NECESSARY... built-in 
instructions appear on the 
screen while you see what 
you write! Perfect for de- 
manding office or home use. 
Thermal print head for ultra- in: 
quiet printing. . bie dr R storage 
* Write, insert, delete, move & copy text. , Factory Serviced, but like new! 


* Built-in 50,000 word dictionary lets you. Fyll Factory Warranty! 
check spelling at any time. | 


* Built-in type styles: normal, bold, wide, 
superscript, & subscript. 
* Screen splits so you can work on 2 
documents at once. 
* 3 1/2" disk holds approx. 75 pages. 
| * Automatically loads paper & envelopes. - 


maxon ^ed 


Detector 
This mini- [a —_. 


size radar de- 


ofthe most | 
sensitive, so- P3 
phisticated, 


detectors 
available to- 
day! 2 


* Pocket-size-2-7/8"W x 4-1/2"D x 1"H. * Superhetero- 
dyne receiver detects X band & K band radar signals, 
reacts in 1/8-second. * Anti-false alarm circuit blocks 
signals from other vehicles’ detectors. + City & highway | 
operating modes. «Synchronized audio alert, flashing 
visual display indicates radar signal strength. * Includes 
spring visor clip, suction cup mount for windshield | 
attachment, hook and loop fasteners, cord clips, straight | 
and coiled power cords, earphone, and carrying case. 

* Model 4" RD-21. 


* 90 Day Compare At: $299.95 
Warranty! DAMARK PRICE: 


Order No. B-1007-106468 
Insured Ship/Hand.: $6.00 


*79 


NAME 


igni ADDRESS. 
E CITY ST — ZIP 
PHONE 


MI FOR FASTEST SERVICE 
CALL TOLL FREE 


m 7-800-950-9090 


C] CHECK/MONEY ORDER [LJ VISA 
C] MASTERCARD [7 Discover 
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Mfg. Sugg. Retail $799.95 
.DAMARK PRICE: 


Order No. B-1007-107763 
Insured Ship/Hand.: $14.50 


LT RATIPIS ELECTRIC 


| MasterCard | 
COM S. 


handicapped, and even kids. 


$399 


» One Year Warranty! 


Splita cordofoak LOG SPLITTER 
in just 2 hours pem 
without even | | | 
breaking a sweat | | | 
or a blister! This | | | 
1.5 horsepower 
Woodmate I oper- | 
ates on 110/120 
volts and exerts 
up to 10 tons of 
hard-core split- | 
ting force! Splits 
logs up to 28" 
long! | 
* 1.5 HP Black & Decker} 
electric motor with 
hydraulic jack. | 
* Splits logs to 28" long. * Exerts 10 tons of splitting force. 
* Lightweight, portable. * Weight: 115 Ibs. 

* FREE log hauler included...a $39.00 value. 


- FULL ONE-YEAR Compare At: $899.00 


WARRANTY! 
DAMARK PRICE: $248 


Order No. B-1007-102368 
Insured Ship/Hand.: $45.00 


PRODUCT 


MAXON Radar Detector 


— 
VISA 


| 
= CARD NO. 


ME Send To: DAMARKINTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, 


* Automatic re-dial of busy numbers. 

* Digital Alarm Clock with snooze button. 

» Electronic "Scratch Pad" (“write down" a phone 
number during a conversation). 


Canon 


ITEM NO, 

[COMMAND DIALER Phone[B-1007-105809 | — 
or [81007108468 | — 

MCCULLOCH Log Splitter [81007-02368 | — 


DELIVERY TO 48 U.S, CONTINENTAL STATES ONLY 


Mfg. Sugg. Retail $299.00 
$ 
Order No. B-1007-105809 | 
Insured Ship/Hand.: $6.00 
PORTABLE DAISY 
WHEELTYPEWRITER 
with Spell Checker 


Get superb quality with this simple to 
operate Canon Daisy Wheel Typewriter. 
* Spelling Checker: Approx. 90,000 word dictionary. 

* 92 character Daisy Wheel. 

* 32-char. LCD Screen- see what you type before you 
print. * 5.5KB Text Memory - stores up to three full 
pages. * Easy to operate. * Excellent print quality. 

* Model: S-16S. * Dim.: 15"W x 13-4/25"D x 3-1/2"H. 

* Weight: 10.3 Ibs. - 90 Day Limited Factory Warranty! 


Mfg. Sugg. Retail $459.00 


$199 


DAMARK PRICE: 
Order No. B-1007-107649 
Insured Ship/Hand.: $13.50 


QTY. PRICE 


EN M 


S/H| TOTAL 


$1450] | 


SUB TOTAL 
in MN add 6% Sales Tax 
Total S/H/l 


EXP. DATE 


Only $29.95 


For This ——- 35mm Camera 


Plus Heceive 200 Holls Of Film Free — Our Introductory Offer!! 


Tbis is not a misprint. Tbe 
beadline is absolutely 
correct. For this one low price 
during our nationwide introduc- 
tory offer, you will receive our 
top quality 35mm camera and, 
at no additional charge, you'll 
also receive our Gold Card re- 
deemable for 200 rolls of either 
Kodak or Fuji film! 

. For this one low price you 


can look forward to years of 
professional quality photogra- 
phy -- GUARANTEED IN WRIT- 
ING -- under a limited five year 
warranty that says your camera 
will be free from defects in 
material and workmanship. The 
50mm lens produces clear, 
sharp, quality pictures every 
time. And the adjustable cli- 
matic F-stop will have you 


taking pictures like the pros in 
a snap! 

This Precision Yamasheta 
35mm Camera comes com- 
plete with paralax corrected 
view finder, built-in hot flash 
shoe, 50mm optical lens, lens 
cover and neck strap. And, 
don't forget the 200 rolls of film 
absolutely FREE!! 


Special introductory offer for a limited time only, once terminated, orders will 


be returned — viinaa Offer limited to five (5) cameras per bousebold. 


Don't miss this golden opportunity. Order 
today. Send $29.95 plus $3 
postage and handling for each camera to: 


| Yes! Send my professional quality camera today! I've enclosed 


Name: 
Address: 


City: 


| 


 DAVECO PS 11 i 

C/O Yamasheta Introduction Dept. : 
4001 S. Decatur Blvd. Suite 336 ; 
Spring Valley, NV 89103 i 

for cameras. Mail to me at: 

i 

: i 

i 

{ 

| 

State: Zip: - 
- 


dst dee 
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Incredible books! 


Discover hundreds of manuals, industrial handbooks, 
paperbacks, reprints, and privately published papers on un- 
ae technical sublacis ranging from melting metal to 
M : 2 building windmills, and 
from electroplating to 


You'll see instantly 
| E ea why this is the most re- 
: s A markable mailorder 
bookstore ever! You 

ei: * don't know what you've 
been missing! V We probably have just the technical how-to 
information you've been seeking for years! 


Wide Yariety! 


Make paper! Electroplate! 
Melt cast iron! Learn calcu- 
lus! Pour babbit bearings! 
Grind telescope mirrors! 
Make vacuum pumps! 
Grow crystals! Dis- 
cover books on hy- 
draulics, steam engine 
design, wind power, mag- 
nets, sundials, restoration 
of lathes and milling 
machines and much more! 


Highest Quality! 


Every book is guaranteed to be high quality! The isNOTa 
book club. You're free to pick and choose only the very best 
books from the best publishers with no obligation. Since | 
cannot possibly offer every book published, | offer only the 
best. You get high quality books, fair prices, fast service, and 
honest dealing. You can order with confidence. 


Build a pre- 
cision lathe 
for less than 
$50 without .. 
power tools -> 
or other pre- “gias E rw E 
cision in- CRR — 2m * 
struments! nei: 3 
It's true! Build a precision shaper, milling machine, dril 
press, rotary table and indexing head, a sheet metal brake, 
and more! Learn how to make a surface plate from scratch 
and use it to rebuild used machine tools. Build a one lung 
engine! Design steam engines and boilers! Build a welder! 
Make your own drill bits, taps, dies, reamers, end mills and 
much more. Discover an incredible 2000 page mechanical 
engineer's handbook! Learn machine design! Prospect and 
reclaim precious metals! Make bricks and glass! Visit 1910 


| steam auto factories! 


FREE! How to Offer Your 


Invention for Sale 


Got a great invention you'd like to sell? Send for a 

FREE copy of our fact filled booklet tells how to offer 

your invention for sale, No cost... No obligation. 

Send your nàme and address to: Kessler 

Sales Corp., Dept. D-711Fremont, OH 43420. ^. 

TOLL FREE 1-800/537-1133, Ext. 711. 4 | 
in OH 1-419/332-6496. 


re | 8 8 BM hme 

REPLICA 

i MODELS - 

[ HISTORIC — 
NON-FIRING MODEL GUNS. 

I Safe! Full size, Zinc alloy. Realistic. 

J| Over 30 parts. Cannot chamber or fire 
real ammo. Assembled. FREE Catalog. 

I COLLECTOR'S ARMOURY Credit 

|| 800 Slaters Lane Orders: 
Box 59, Dep 1-800-544-3456 Ext. 515 
Alexandria, 313 Toll Free 24 Hrs. | 


: ! 
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1 old pail and blower into a 


l publications 


=i Box 12-ES Bradley IL 60915 


Learn how you can turn an 


powerful furnace that can 
melt aluminum cans and 
scrap, pot metal, and 
brass. We built one for 
about $10! Uses grocery 
store charcoal! Pour cus- 
tom castings! Build a fur- 
naca to melt cast iron! Dis- 
cover books on sand cast- 
ing, patternmaking, cupola 
operation, casting of deco- 
rativa items, and more! 
Discover the secrets of 
Whitworth's 1853 mi- $ $ : 
crometer that could measure ie a millionth of an inch! Make 
charcoal and coke! Build a dividing machine and more! 


Much more! 


see technical school textbooks on ma- 
chine tool operation, diesel repair, and 
refrigeration. Learn how the ancients 
refined all types of metal from iron to 
gold! Learn simple chemical analysis! 
Work iron with a forge and anvil! Build a 
wood lathe! A band saw! A circular saw B 
blade sharpener! A wood stove! And Ei 


much, much more! pow | 
z fot 


Write for a catalog 


Write for your copy of the las- 
test jam-packed edition of 
Lindsay's giant Technical 
Books catalog. Send $1.00 
(US & Canada — $4.00 foreign 
airmail). You'll sea in a minute 
why everyone is talking about 
this incredible source of hun- 
dreds of unusual hard-to-find 
books! Writa today for a cata- 
log and order the books you 
need while they're still avail- 
able. Write today! 


Send a catalog! l'va enclosed $1.00 U.S. & 
Canada. ($4.00 foreign airmail) 


f Nama 
i Street 


Manufacturer 
Of Portable 
Sawmills 


SAWMILL 


"Four Models To Choose From 
Jj DIRECT 


a” In Indiana ): (317) )271- 15421 za UN 
FREE 44-page catalog or use 
your MasterCard or VISA 
to order our 50-minute "t: 
demonstration video—$10.00 | 
Wood-Mizer Products, Inc. * Dept. E37 
8180 W. 10th St., Indianapolis, IN 46214-2430 


UN. 


In The 


Authentic 
Binnacle iim 
Scale Model 3 


Featuring an 
illuminated worang 
com solid brass 
dna, and mahog- 
any pre-cut parts, this kit 


is SAN, ad assembled in 
under 3 hours. 


K5422 

n ar Kit — $49.00 
Include $2.00 Shipping , 
and handling * 


Makinor 


1-800-227-7418 T: 

61/2" 

Tall 

CI Send $2 to receive our 36 page color catalog. 
Includes kit clocks, weather instruments, ship mod- 
els, live steam, and more. Catalog free with order. 
Send check, M.O., VISA, AE, or MC (Card no. and 
expiration date). List name of item, part no., 

Price and shipping charge. 

Mass residents add 5% sales tax. 

Name .- |. 

Address 


City  — o 


Classics zz 


State Zip 


Us da 


Higgins Crowell Rd. 
W. Yarmouth MA 02673 


for making Ornamental 
Concrete Items 


Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
secrets from world's largest 
mold manufacturer. 


‘Yes, it's really possible by making 
and selling bright, colorful Badge- 
A-Minit buttons. Buttons are 
proven money-makers at fairs, 
flea markets, conventions, or 
anywhere people congregate. 
They're fast and easy to make 
with Badge-a-Minit and 
inexpensive! 

Send for a FREE Full color 


wih Badge AMinit s 


| catalog and idea book, or 


send for a Starter Kit, only 
$29.95 plus $1.75 shipping 
(IL residents. add $1.87 tax) 


BADGE-A-Minit, Dept. PS 1188 


348 North 30th Rd.. Box 800, LaSalle, IL 61301, Phone (815) 224-2090 


Want to brush up ona 
| foreign language? 

! With AUDIO-FORUM's intermediate and advanced 
materials, it's easy to maintain and sharpen your for- 
eign language skills. We offer foreign language mys- 
tery dramas, music, games, dialogues recorded in 
Paris and more. Call 1-800-243-1234 for FREE 32-p. 


BDUDICOF CRUI è 
Room 1439. Guilford, CT 06437 


| catalog, or write: 


QUICK-WED 


SCREW-HOLDING SCREWDRIVER 


Drives screws 

anywhere with 

one hand Ed 

Blades wedge into A-PAUK with 

screw slot to hold FREE RACK 

it firmly and start it $ | 4*5 

at any angle... with 

one hand. (add 75€ for shipping) 
Includes 3". 4" & 6" blades 

UNCONDI TIONALL Y to fit most screws. 

GUARANTEED — 


| Visa/MasterCard No. 
| Expires: 

l NAME 

i ADDRESS — 
| CITY/STATE/ZIP 

: SIGNATURE 

- KEDMAN COMPANY. INC. 

I 

I 


PO. Box 25667, Salt Lake City, Utah 84125-0667 
Copyright €: 1987 by Kedman Company 


—À —À O —€— ——ÁÀ ee A— A—— Xm Gm ee ee Gum MA Gum ee | 


3 d HÀ PRESENTING A e dx d 


CABLE TV 
EQUIPMENT 


dd cdd STARRING e de ox 


Be Your Own Boss 
...IN YOUR OWN BUSINESS! 


Hundreds we ve trained have succeeded in this 
fascinating and highly profitable profession... 


.Y OU Can Do It, Too! 


"No more hard, nasty work for me. 
Now | have my own business and with 
hardly any effort | average around $50 
a day. Thanks for my new start in life.” 
Sam Walker Prichard, Alabama 


“L opened my own business, spare 

time, seven months after | enrolled and 
made a profit of $329 for the first week." 
B. A. Deberry Littleton, Colorado 


Never before have money-making opportunities been so 
Now lucrative regular 
lock and key business has multiplied a thousandfold as 
millions seek more protection against zooming crime. 
Yet there's only one Locksmith for every 17,000 people! 


Make Up to $26.00 an Hour — even while learning! 


great for qualified Locksmiths, 


Train FAST at Home! 


Be a LOCKSMITH! 


Get into this booming high-profit business that's 
Easy to learn — Easy to do — Easy on You! 


Cost! 


"Before enrolling 1 


checked other courses 
and alio asked for 
advice from several of 
the professtonal 
locksmitbs in my area. 
They all said Foley- 
Beliaw was tops and bai 
the most versatile 
Kev Machine. 

"I always 
wanted to have 
my own business 
and now I do, thanks te Foley-Beliaw." 


David Fairbrother—Dave s Locksmith Service 
Milwaukee. Wisconsin 53209 


Work Part Time, Full Time — Right at Home. 


Included With Your 
Locksmith Training 


BURGLAR 
ALARM 


| and BSECURITY 
SYSTEME 


training. Covers 
all phases of 


You're "in business" ready to earn $10 to $26.00 an 
hour a few days after you begin Foley-Belsaw's short- 
cut training. Take advantage of today's unprecedented 
opportunities in locksmithing for year-round EXTRA IN- 
COME in spare time — or fulltime in a high-profit busi- 
ness of your own. Hundreds we've trained have done 
it. So can YOU! All tools plus professional Key 
Machine given you with course. These plus practice 
materials and equipment, plus simple, illustrated les- 
sons, plus expert supervision, plus business-building 
guidance will enable you the KEEP THE MONEY 
COMING IN! Ideal for retirement — good jobs, too. 


SEND FOR EXCITING FACTS—No Obligation 
Discover whats in Locksmithing for you — how Foley-Belsaw's 


master-locksmith-approved training can give you the skill you 
can depend on to EARN MORE — ENJOY LIFE MORE. 


Burglar, Hold-Up 
and Fire Alarm 
servicing and in- 
Stallation, This 
Valuable and 

^ timely instruction 
includes all special tools and 
supplies. ONLY Foley-Belsaw offers 
such extensive training in this 
rapidly expanding field as a part of 
your Locksmith training. 

ADVANCED Locksmithing! 

How to change combinations, in- 
stall and service Safe, Vault and 
Bank Safe-Deposit Box locks. 
You'll find it fascinating and high- 
ly profitable work. 


ALL SPECIAL TOOLS AND 


RROLD, HAMLI s - MESCEERTE | 
AND OTHER FAMOUS MANUFACTURERS PRO KEY Oe ET 7 X CoL EQUIPMENT INCLUDED! 
Taa ne paliene n sc et MACHINE | | 6" ^ | 

* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS : 1 : 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 


PACIFIC CABLE CO. INC. 


73275% RESEDA BVD., DEFT 1425 
RESEDA, CA 91335 


This Pro Key Machine can | 
alone add up to $200 a < 


F% NO RISK | 


month to your income... oo 

and it won't cost you a pen- į M TRIAL! «= A 

ny extra with your training. SEND FOR sai : P 27 
FACTS TODAY! .. ENT - Oe —— 


Find out all about it! 


Just fill in and mail coupon below (or send post- 
card) to receive full information and details by 
return mail. DO IT TODAY! 


T Fase nee 
COUPON uitable Rd., Dept. 1 


Credit card rumen nne rure rcrum 
order line: THE alice 
Experi menter's 


HAMDBOOR $10,95* 


* SPECIAL! * 
Both Books: Only $19.95! 


FORLIGN: add i4 D.S. 


Kansas City, Mo. 64120 


FOLEY-BELSAW INSTITUTE 
6301 EQUITABLE RD., DEPT.11531 
KANSAS CITY, MO. 64120 


] YES, please send me the FREE booklet that 
gives full details about starting my own business in 
Locksmithing. | understand there is no obligation 
and that no salesman will call. 


RUSH M TODAY 
FOR THIS FACT-FILLED 


^ FOLEY ' 


NEW "FINEST MARZIPAN “FINEST 


I 
l 
1 
[ 
CHOCOLATES "LOW CALORIES BISCUITS 'COSTA 
| 
l 
[ 
| 
| 
l 
| 
| 


RICAN COFFEE "FINEST PORCELAIN "DESIGNER T- 
SHIRTS SEND $3.00 FOR COLOUR CATALOGUE 
OR REQUEST FREE BROCHURE | 


BOOKLET! 


H&H EXOTIC PRODUCTS INC. j s ] Name. 
P.O. BOX 111909 PSO MIAMI FL. 33111 Tells how you quickly E 
_ E E. train to be your own boss 
rpe—— nro nue Reed uu uu e SS in a profitable Sparetime Address llo 
or Fulltime business of DA 
FOR SPEEDIER DELIVERY your own PLUS complete " LIN ——— nci Li ET 
details on our 30-Day Send for your = 
PLEASE USE YOUR NO RISK Trial Offer! copy today! MM State — Zip uc s 
ZIP CODE Tx Ng E] TT Tg 


NOVEMBER 1988 | 141 


HARD-T0-FIND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


from America’s Largest Mail-Order Market Place of Unusual Values in Telescopes, Binoculars, Magnifiers, Microscopes, 


science Kits, Lab Equipment, Toys, Military Surplus, Fiber Optics, Lasers, Solar, Photo and Weather Instruments. 


, Stars That Glow In The Dark Turn Your 
Bedroom Ceiling Into The Night Sky. 

l TET Assortment of 250 lumi- 
MUN nous stars that glow in the 
ADR. dark on ceiling or wall. Light 


up a child's room with the beauty of glowing stars and have fun 
with astronomy. Easy to apply decals glow after exposure to 
light. Comes with star chart and instructions tn recreate the 
Big Dipper, Milky Way and the heavens. C8521 $3.95 


Motors tt Bag For Hobbyists, Modelmakers. 


F7 “=, 
z a €* 
p UN 


- Üurinexpensive — 
. motors tam make -Gpe 

wheels go ‘round, i 
Jo tum. 3 


Unlimited 


Have fun by adding mo- 
tion to your science fair 
projects, demonstra- 
tions and experiments — £3. 
with this special buy of = p, 
0. 1" motors with 34" we 
long shafts and 2 wire “Sabha 
leads. 20, 1" motors C1304 $10.95 | we 


The Handboiler, 


A Demonstration Of Physics. 
Watch the liquid contained within the glass 
chambers appear to “boil” fram the warmth of 
your hand that increases the vapor pressure 
-within the chambers. The warmer your hand, 
cd better it works in this unusual demonstra- 
tion of physics C37,299 $3.75 


Great AM Radio Reception With Select-A-Tenna. 
Listen To Station WOR N.Y. When In Boston. 
This new antenna will bring in those weak, distant, 
AM radio signals loud and clear. E 

Youll now getexceilent radio recep- — = 
tion on all AM stations. Select-A- 
Tenna turns your AM radio into a 
powerful receiver, Used in Alaska to 
pull in stations from continental 
U.S. Employs mutually inductive 
coupling. Mini-jack and plun 
1034" dia. c. vl bons 95 


10 Foot Solar Dirigibles 
Fly In The Sky When 
Exposed To Sunlight. 
These 10x2 ft. mylar solar shut- 
. tle dirigibles will fly ower houses 
:) and trees when exposed to the 
sun. Weighs only 2 ounces. 
4 ‘Solar Dirigibles c35, 889 $9.90 


E. Liftup to 200 Ibs. Fun to use around docks 

b and bridges. A ‘must for a boat, it helps 
| retrieve metal objects that fall overboard, 

You'll be amazed at what you pull up. Wt. 
EX 2 ibs., measures 4x334x3'4^ Made with a 
EB Poly-Vinyl Chloride coating to resist cor 
roson and chipping. — 71,135 $29.95 


ines Snooper™ Electronic A Ear Picks Up 
Sounds From Over 40 Feet ^ ^ A 

Kids will have fun with the Super K A 
Snooper electronic toy that gwes P23 
super-human hearing, indoors i : 
and out. They'll be able tn listen | == 
to birds and animals before they t ^o GERA 
can be heard. Just point the disc v PE 
and pull the trigger. Sounds are A 
picked up from Mi es in the 


Indoor AND Outdoor Temperature, 
Memory For Day's High AND Low! 


Now, you'll know at a glance. 
sd with large, easy-lo-read LED 
i3 l| readout numbers, both the 
- outside and inside tempera- 
bons yer a ui] ture readings. This unique 
-——7 | thermometer also records the 
high and low readings for any 
| period arany you select, F* or 
C? selectab 


* 40? F to +122° F. Modern 


styling case, x i DO" Easy to mount on any wall. Uses 2 ^V. | 


batteries (not incl.), comes complete with 10 M 
sensor cord. $39.95 


Watch A Society Of Ants Dig Tunnels, Build 
Bridges And Move Mountains Before Your Eyes! 


Ants are the world's finest engineers...and — We 
seeing them plan and construct their intri- pak 
cate highways and subways is fascinating. Wide 
Through the large plastic case of the cage 
(10x15") of this giant ant farm, mih 
gu'll see the ant soldiers guard- 
ing the roads, the laborers carry- 
ing their load and the supply 
corps storing away food for the " 
whole colony. When you retin B enre 
the enclosed certificate you'll 
receive by return mail (in about 2 weeks) a areg uanti 
harvester ants. Complete with white sand. CTO, 295 

Call 


\ For Phone Orders 


1(609) 547-8880 


for friendly special treatment 


Use VISA, MasterCard, Diners Club, American Express 
| or Carte Blanche. Call anytime, 24 hours a day. 
| MOST ORDERS SHIPPED WITHIN 48 HOURS 


of 


oo ie 1r E z L 
^ applications. «0 UE 
- L 


padded, adjustable head- | 

phones. Black and silver. | 

Y Powered by a 9V battery 

/ ARI LG Gg (notinc.]. c37,834 $9.98 


| — Digital cae Digital Thermometer Shows BOTH 


e. Readings from | 


eel 


i. E 
a ata 
* a 
stat 
E 


MU Its hard to put down once you 


2 


12 Foot Light Show Of Multi-Colored Bulbs | | 
Makes Unique Window Display Or UO RM, i Build A Workin etn os is } 


Weatherproof i Ropes create moods, n i 
pa attention for sales displays and trade "8h centu powered machinery [I 
Cigar plastic Sà flexible tube encases 44 ny trains that crossed the country. The 
brightly colored bulbs in 12 ft. long Light simplest was the single stroke piston 
and female connectors at each end ECL piston moved in one direction. Kit has 
ea DENE (SN CO STARS LES E ME | everything needed to recreate a work- 
rope will move in a stationary pattern or j ing replica from crank shafts, cylinder, 
select. A transformer is required to operate etc. including fully illus. instructions. 
lights. $19. 95 Ea. | ra E sem C $64.95 
4-9, $18.95 Ea. Wormore $17.95 Ea. "7 
Clear C36, 656; Blue C36,657; Green — 
(36,658; Rad 36,658; Amber/Copper 
C36,650; Multi Color C35,279 “SS 
Light Controller for forward and speed control. "oV i 
input. Speed selector switch will handle up to 8 Light Ropes. 
£35,280 $24.95 


Miniature € Pump For nn Darkrooms, 


The Chandler Gyros stone = 
A Classic Favorite For 75 Years. 
+ Demonstrates "gyroscopic inertia" or rigidity 
fan) in space as first recorded by Isaac Newton 
 Anobject rotating about a fixed axis creates | 
a condition in which the axis holds its | 
position with respect to inertial space, no | 
matter how the spinning objects support | 
is moved about. Machined, painted and 
balance-fitted all by hand. Complete with 
This: tiny pump can pump ^. instructions and pedestal. C37,265 $5.95 


pint per minute with a2" /— |f S S7— —" | Fun And Intriguing! You'll Play For Hours | 
high flow. Ideal tor tempera- Y —— aem 

[hs control and circulation — C98, a m With These Colo i Magnetic Magic Marbles. 
of darkroom chemicals, table fountains, model waterfalls, water | Build a mountain or odd geometric pat- 
filtration and more. Can be used in either direction and is self | terns with these fascinating, high impact 
priming. Operates on 2 flashlight batteries (not incl.), runs up | plastic marbles. Each marble has both a ii 
to 48 hours before battery change is required. 4" tube incl, | negatve and positive pole. Acnallenge to — e 
EDI ARE iir ecl cp eee | Or NT aga: TU for youngsters, £ = 
“Moisture Magnet” Absorbs — adults, to po! 20 marble per package | 
And Helps Stop Mildew And Musty Odors. 968 (Package of 20) $3.49 MI, on SET 
"Moisture Magnet" virtually C35, 3.4 (Package of 100) $14.95 2 + 


eliminates dampness and 
mildew caused by moisture. | Build Your Own 2000? Solar Furnace With This 


Place in closets, drawers and Fresnel Lens And Harness The Sun's Rays! 
= We 


basements— Dry Guard alumi- You'll be able to use this pre- 


num canister contains mais- - . cision lens as a solar cooker 
ture absorbing chemical beads j— for heating food, as a kiln for 
that absorb water. When A < pottery — and even to melt 


beads turn pink, just heat in oven and 
reuse. Chemically inert, non-corrosive, non-toxic, will not 
impart odor of taste. 036,681 36.95, 3 or more $6.25 ea. 


if Now You Can Enjoy Seeing Your Old Home 
Ae y] / oven CUM a On Television. 


"n ah metal or for other solar ex- 
T periments Lens has an 8*5" f.1., 50 lines 
ar inch, measures 10'Vext0t7 Vy " thick. 
Inmounted lens comes with 16 page 
book, "Fun With Fresnel Lens; instructions 
included on how to build the 360° stand 
x» and frame shown. C70,533 $19.30 


Fingertip Pulse Monitor Tracks 
Cardiac Fitness. It Calculates, 
Measures And Displays Your Pulse. 


The PulseTach fingertip heart computer accu- 
= - rately records what your pulse is doing to in- 
Ifs easy and inexpensive to convert your home movies and | sure that you get maximum benefit from exer- W 
slides to videotape, Just place your movie camera or slide pro- | cise without damage from over-exer- =; 
jector and focus the image onto the mini-screen of the Tele-Cine | tion. It's actually a micro-computer that /: 
converter. Aim your video camera into the lens, focus and start | fitson your finger. Weighsonly 
recording. BYexsex5" Screen is 3x3" —— C33,528 $59.95 | anocunceandcanbewomdur- (== |, 
—————————— | ing most exercises. An LOD — | | 
The Vanishing MN. Will Anyone Ever | display shows your pulse, an—i .- 
Solve. This Myslery? audio beeper lets you listen to your heartbeat vith Its also 

a quartz one hour stopwatch so you can even time your exer- 

cise program. Comes complete with lon ^i batteries. 
necklace lanyard and instructions. 548 $39.95 


A fascinating illusion. We found it at a math | a "ips 
teachers seminar. A 3x7" card with 15 lepre- Over 300 Stars and Constellations. 


t-of- one leprechaun | Discover the universe around you with your own personal 
ee By AaB ne be yeh. planetarium. b stars and constellations onto ceiling or 
Which one vanishes? Where did he go? < * / © “wall. The five constella- 


| +," , tion masks transmit | 
When he comes back, where has he been? One of our most || "E ione tart Webs Qr 


popular best selma! Package atA CFLS Be + the special dates that 
Newton's Third Law Of Motion Demonstrated + tan be daha in. A reg 


eee Blar selector beam 
ce" * helps outline constella- 
tion patterns. Outhit also 
includes star dome with base 
and battery stand, narrated 
Cassette, pointer and illus- 
trated book of the universe. 


With The Swinging-Wonder. 


start playing with it. Swing one of 
the nickel plated balls and watch 
the one on the apposite side 
swing back. Consists of 5 balls 
suspended by monofilament to || 
the wood frame, 9x?x9" 

C33, 739 $21.95 
Mini version of above, chrome U ~ 
frame, 2x155x131a" C37.472 $3.95 


This Clever Gadget Will 
Tell You How High You Are. 

Whether you're driving cross country or 
hiking in the mountains, this Altimeter will 
tell vou how high you are. Shows eleva- 
tion from sea level to 15,000 feet. Can be 
mounted to dashboard with seif sticking 


tape (incl.) or has pre-drilled screw holes. Also has Built-in | 


- | Ultra-Sensitive Directional Sound Amama | 
Picks Up Signals 200 Feet Away! 
Used for police surveillance and excellent 
for nature study, microphone and head. 
set amplified sounds up to 200 feet away. 
Overhear : 


are out of hearing range — 
its light enough (only 3¥e 
ounces) so the microphone 
can be mounted on your binoculars. Com- ^ 


pact, measures only 12" Powered by 1 "AAA YN 
batanar Wah eiae: MEME. battery, included ef response 200H2 to 800Hz, out- 
Build Your Own Clock Of Paper, put level 49 db's maximum. Complete with padded microphone, 


It Really Keeps Accurate Time. amplifier and headphones C38.042 $69.95 


Cut up this heavy stock 40 page book, 
supply a little glue, three paper clips, nail, 
string and perseverance and you have a 
working clock which keeps accurate time 
and has a real "tick-tock" pendulum 
movement. You rewind and regulate it. 

C9687 $8.95 


Digital Thermometer Reads —/ - Ee 

How Cold It Is Outside. Ame boc. a | Li 

; This a DAR dv ale pe ra E II , 

ture in your home and oulsida, loo. Can | use ——— — CATALOG | 
be wall mounted = just extend the fl wire č — 
sensor out the window and close the win- B Thousands of exclusive, unique and exciting values. | 
| dow. Operates on one 9V battery (not Bí Something educational, fascinating and useful for 


incl.). Readings trom —40°F to 199°F, M every hobbyist, gadgeteer, student and educator. 
measures 2x3x2'4^ 34.005 $24.95 : 


No Risk Guarantee! ii you are not completaly satisfied with your purchase, return the merchandise 
in its original packag a and we will cheerfully refund your money in full. We back our products! 
Qur 45 day uncon ditional guarantee means you take no risk on any product you buy from us. 


d Edmund Scientific Co. 


Dept. 18DD, Edscorp Bldg., Barrington, NJ 08007 


! Using air and wateras | 


| shuttle and booster 


| Sule parachutes back 


Star Machine Personal aum Projects | 


037,758 $32.95 |] 


Edmund's Famous 


Full of fun and surprises. 
Simply click the jump- * 


ing disc between your 


fingers. rub for a second, 
lay it on any 
| smooth sur- S m, 


"4 lace. end & | 


M 
SS nnn 


into the air, 3 i 
feet high. Friends - J, 
wontbeabletore- gs 
sist tinkering with — 4 ae 4 
them. How does | 
it work? The nickel and i 
stainless steel discs E 
workontheprincipleot "Mex, 
thermodynamics. Heat Tb 
(rubbing the discs) makes metal 
expand, a cool surface makes it 
contract, 12 jumping Quarters 
C42,099 $3.95 


Space Shuttle 
Blasts 100 Feet 
Into The Air. 


fuel, the Apollo space ^ 


rocket blast off to- 
gether, and at flight's 
peak, shuttle sepa- 
rates from rocket and g” 
manned recovery cap mi 


to Earth. Virtually in 
destructible, made of 
Butyrate plastic. | 


P | Our Tornado Tube 
; assembly allows 
iu to demonstrate | 


Instructions and 
explanation of sci- 
entihc principles 
included. 

Pkg. of 2 tubes. | 
5 (37,592 $3.45 


Fascinating to watch. Simply 
duck the bird's head into a glass | 
of water to begin happy binds 
bobbing motion. Then the bird 
takes over, continuously dipping | 
into the water ma a drink. 

60,778 $3.95 | 


; f- 2 
d ^4 


| vacuum cleaner or helium. When || 


4 | unusualsc ence Kel 
| has evarything nse 


end of the string. Suspended, 


| to-eat assortment 


The Vortx;" More Than A Money ^| Ban 
Performs spinning tricks and high maneu- ^ 

vers. Drop a coin onto the launching pad, j 

spin the Vortx unit in a circular motion. Jt E $ 
This creates an immense amount of speed KE A3 
causing the coin to spin around and © o = 
around until it finally drops to the bottom Aes 
storage area. "The longest continuous e: Y 
rolling sa far is 33 hours, 15 minutes" "u 
Challenge your skills, spin the coin back S s 
up the tunnel or spin it upside down. plus a. | 
more. Made of tough polypropylene. m- ty < 3 
structions included. — C37,B32 $14.95 —— 


Build A Working V-8 Demonstration Engine. . 
A greatintroduction into whe 
behind your gasol te- power 
engine. The Ya scale realis 
model contains oi 
x. 100 moving parts. Y 
Jcan actually watch 1 
crankshaftrotate, sp 
j plugs Hght up, val 
open and close, rods and p 
Hons move. Easy to Dui 


: reQuires model glue for; 
= sembly, takes two "C" batteries (not inc 
Complete with stand. C70,448 $38. 


Giant Weather Balloons. 
They fly high in the sky. Ideal for science projects. meteoro 
gists, grand openings, church fairs, aerial photos 5, etc c: Neopia 
uninilated thickness — 0.0057 in- P 

flated thickness — 0.0027 Light 
tan. Can be painted with mes- 
sages or announcements using gf cO VU ||» 
water color ar latex paint, using | [; : n 
a soft brush. Inflate with air from | a CL 


balloon is 44 Ib., B' balloon is 7 | 
ibs. and the 16’ balloon is 137 Ibs. < = 
Two 3 Ft. Balloons, C41,755 $14.95 —— = 

One B Ft. Balloon, C60,568 $12.95 5 
One 16 Ft. Balloon, 72,151 $59.95 , ^ 


filled with helium, lift power of y! \ | : Gn. de? 


Cosmic Coal... 
A Science Discovery. 
Did you ever wonder how it al began 0 E 


Go back to the "nn hi 
ua Dac k to Te dawn af Dre 5 


net essa to grow ar 
colorful crystal for- 
mauons tram cia 
You can even cre- LL 
ate your OWN cos- 7 m ul mue 

mic colors. Grow S= 

colortul formations in minutes, using nature's building bloc 
from our own planet. Complete kit contains at lec coal du 
tray, ocean-blue liquid, ammonia, MEO RUND MG T^ 
ning rod. 7,891 


Our Intelligent Yo-Yo With A “Brain? 
It's The Longest Spinning Yo- Yo-Yo Around! 


A simple flick of the wrist pre- 
programs this patented yo-yo, 
allowing it to spin freely at the 


ucan do tricks, such as "Walk ^ 

The Dog: Rock The Baby." "Brain 
Twisters" and more. It operates 
on a centrifugal clutch principle 
that allows it to spin faster and 
longer than any other yo- yo ; 
before returning to the user's 

hand. Precision engineered, the clear plastic body shows ` 
clutch im action. 036,213 $9. 


^ Ai^ > Radiometer...A Space Age Sphe 
Ha) ifs fascinating to watch icate aes 
F. BJ within this 5" precision-made sphere sp 
faster and faster illustrating the basic pri 
ciple of solar heating. When light strikes ti 
vanes it transfers heat, and the vanes beg 
to Move. Works from direct sunlight ar z 
tificial light. An attractive “conversatic 
C60,082 $6.! 


Astronaut Ice Cream. 
A delicious, ready- 


of freeze dried 
strawberry, choco- 
late, and vanilla ice 
cream that melts in your 7 
mouth, It is real ice cream i AE 
frozen to —40°F, vacuum - : 

dried and sealed in a pouch. U. S. astronauts enjoy similar 
cream on space missions. (Pkg. of 2 pouches) C38,214 $3. 


——— ES Lana onu ael Las 5E 


j Edmund Scientific Co. STOCK NO 


Dept. 180D, Edscorp Bldg. 
Barrington, MJ 08007 


METHOD OF PAYMENT: 


O Check enclosed O VISA 


O MasterCard Li Diners Club 
O American Express O Carte Blanche 


Exp. Date 


Card Humber 


Bank Number (MasterCard only) 


PRICE 


Total Price 


In MJ Add 6% Sales Tax 


[—] RUSH FREE BO PAGE voee iit $250, 
FULL COLOR CATALOG «=. 

Hama 

Address 

City State — 1 Zip 


Lll---- Serving Science Hobbyists Since 1342 = = = = — — 


Reach 4.5 million readers every month with an ad in Popular Science's 
Classified Opportunity Mart. January Issue Deadline (on sale December 
13) is October 24. Rates: $8.90 per word. Min. ad 10 words. Darker 
type (Bold) words $1.00 per word extra. Display Classified: $495 per 
inch. Payment with order, or charge your Visa, MC, Amer. Exp., or 


Ernestine Grant, Class Adv. Dir. 


COOL-TOOLER * 
COOLER 


Electronic 12-Valt Cooler and 
Tool/Storage Box Built in one S 
for pickup trucks of All Sizes. All 
new Cool-Tooler is built as a | 
direct replacement for tha 
inconvenient ice-related coolers. 
COOL-TOOLER is thermostatically 
controlled (32-44), Maximum Cold 
setting for even lower tempera- 
tures. 

COOL-TOOLER connects directly 
to vehicle power source, installs 
in minutes. 


A MUST FOR ALL PICK-UP TRUCKS! 
Also Portable, Build-In Coolers/ 
Food Warmers, Freezers, and 
Automobile Floor Mats. 


COOLEST SELLER OF THE 80'S 

A PROVEN SUCCESS! 
Thousands already sold where introduced. Become a distributor for one of the newest and 
fastest growing products on the market today. (Thousands Weekly]. Low Investment. Serious 
inquires only. Send $5.00 for confidential Dealer Kit or call 615-484-4780, or write: COOL- 
TOOLER, INC., Manufacturer, Dept PS-11, North Main Street, Crossville, Tennessee 38555 


CLASSIC CARS Book. Price: Hedelund Engineering, Box 
26044, Las Vegas, NV 89126. 


SAVE 50% on Gasoline and auto ex- 


BATTERY MASTER SWITCH 


Patent Pending 1.00 postage and handling to: BanCo., 200 


West Adams 5t., Morrilton, AR 72110. 
BMW —Jaguar—Mercedes— Yachts and 
other confiscations. U.S. Customs Buye 
Guide $4.95 plus $1.00 handling. F H, 
809-PS11 Clearlake Road, Cocoa, FL 32922. 


JAPANESE Engines—Used/Remanu- 
factured Buy Direct From The Importer 
And Save!!! Call-1-800-950-4554. 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
‘Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 


BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts—12 units or more. 


VAN SEATING 


| BRAND NEW! FAMOUS MAKE! 


LIQUIDATION | Liquination PRICE | 


LS. made by Nationally Known 
Seat Manufacturing Company! 
Meets or exceeds all DOT. & 
Federal safety codes! 

FULL "FLEX" suspension & high 
density foam construction! 


AUT: OMOBILES 


BUILD A BIKECAR 
The Amazing Mini Car You Can — 


3185 


ALL FABRIC 
RECUNING 
CAPTAIN'S CHAIRS LUXURIOUS Velour Fabrics! 


Manufacture’S — cApTAIN'S Chairs recline with 
Suggested Retail just a touch of a lever! Optional 


PES SPORTRAN CO. 
IS P0. Box 7077S 
Endicott. NY 13760. 


$ 
&alistaction Guaranteed or Your Money Back 


RED HOT bargains! Drug dealers' cars, 
boats, planes repo'd. Surplus. Your Area. 
Buyers Guide. (1) 805-687-6000 Ext. 
8-20025. 


VAPOR Carburetor Triples MPG. Free 
Information. H&A, R2PS, Bowling Green, 
MO 63334. 


is It True You Can Buy Jeeps for $44 
throu gh the US. government? Get the facts 
today! Call 1- 312742- 1142 Ext. 4606. 


D. 289. 95 included FREE at no extra cost! 

| FREE seat tracks - a $25 value! 

Beds at the Lowes! Retail price 

in the US, - only $185! 

" change CHAIRS & Sofas are UPSable! 
ster 30 days Wo "CALL For FREE Fabric Samples! 
1-800-445- 1830 or 1-703-892-4208 

Credit card members can order by phone! 

BRADD & HALL ASSOCIATES 
BOX 10643 ARLINGTON, VA 22210-9832 


skirts & Position Arrmreste are 
$ ALL FABRIC matching Sofa 
1 1 5 FITS ALL Vans & most Trucks! 
shipping anita 
»O c 
Warehouse Liquidators 


| TEACH ANY 
DOG IN MINUTES 


/ GENERATOR Rebuilding | 


"me This book tells how. Rush $4.95 plus | 


Classified Opportunity Mart 


Diners Club Account (give # & exp.) Advertisers using box number 
in ad must furnish name & street address for our records. Send order 
& remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 
380 Madison Avenue, New York, NY 10017. For advertising infor- 


mation call 800-445-2714. 


Dorothy Ellis, Sr. Class. Adv. 


DOGS 


Complete system, book and device. 

All you need to ralse and train puppies, 
dogs of all ages. Never falls! 
Uses dog's keenest sense. 


EASY TO USE 
NOT ELECTRONIC ^ 
BEWARE OF IMITATIONS! Our Pats, #3498266 #3159140 Protect You. 


REHABILITATE DOGS: from Electric Shock-Shy, Gun-Shy, Car Sickne i. — 


DONO UL rene ENAA eee Ree os 
+ Housesoiling Ae + Barking - € Gun Shyness 


* Jumping * Biting Breaking Point 
+ Chewing + Digging + Over Ranging 

a Car a FA *Leash 7 ® Busting Birds 

For: Family Dogs * Hunting D 


B T€; BOWCR OW EOTONOH BOB € €* HON BOB OB ROW; d dod ROS BOW 4 oo ood É 


* eel times ,-4 ^ * Drop s Self Control 
Mis * Go * Guard 
i » ,,* Fetch © Hunting 
rs € Utility + Loyalty 
* Sled Dogs * All Dogs 


ON TV with: Barbara Walters, Johnny Carson, Dick Cavette, Art Linkletter, Mery Griffin. ARTICLES: SPORTS AED, 
AMERICAN FIELD, TIME MAGAZINE, TV GUIDE, HUNTING DOG, WALL STREET JOURNAL and others worldwide 

A science engineering breakthrough! A set of unique dog-sound makers that condition dogs incredibly 
fast. Small. Used from the palm of the hand. Near hypnotic control, even at a distance. No leash needed. 
Novices become experts. This new discovery is a learning-sound catalyst that teaches direct to the dog's 
mind. Renders bodily paintraining obsolete. Safer. Kind. Yet, more powerful! Dogs simply don't fight it. Tunes 


FROM $25 TO $175. 3 


A division of Environmental Research Labs ©7988 


| dogs in, makes them want to please you. Unequaled loyalty- mtr Same instruments and system 
(the Dr. Miller patents) dispensed by veterinarians for dog behavior 


ow, thousands of satisfied users. 


FREE CATALOG 
lease Write: 


4118 Wilshire, Box 1250, Agoura Hills, CA 91301 


adv. 
Bargain Autos Seized 
By Gov't Direct To 
You Starting At$100! 
Many makes, models, available. 
Chevys, Fords, Dodges, Ply- 
mouths, as well as Cadillacs, 
Mercedes, BMW's. Also furni- 
ture, TV's, stereos, expensive 
jewelry, homes, much more. 
Phone for free information 
1-216-453-3000 Ext. A9366 
© 1988 DSA BA193-2 


KITCHEN REFACING KITS 


| pO It Yourself Oak Kitchen Refacing | 
Kits—custom-made doors & self-stick Ve- | 


neers. Sample door & instructional litera- 
ture, $12.95 + S/H, Refundable w/order. 


1-800-426-6018, 1-313-585-9003, MC, Visa. 


ENGINE & MOTORS 


INTERNAL COMBUSTION ENGINE. 
Rare opportunity to invest in a new and 
revolutionary engine presently in devel- 
opment. Superior in every performance 
category. Designed by one of the foremost 
inventors of our time. Call Frank Pecorella. 
In N.Y.S. 516-475-9670. Elsewhere 800- 
334-2713. 


AUTO SUPPLIES & EQUIP. 


PROTECT your vehicles windshield from 
snow, ice and frost. Free details: Lionhouse, 
612 Cascade Road-Dept. SN, Pittsburgh, 
PA 15221. 

SAVE MONEY Increase Mileage 
22-30+% Add Power and Improve Engine 
Performance Extend Engine Life and Eli- 
minate Knocks dag o Info: MAPS, 
Box 2171, Spokane, WA 99204. 


SLICK 50 FOR LESS. First can only $31 


prepaid. $33 C.O.D. (prices INCLUDE 
mu ing) qn discounts. DEALERS 
D IN ALL AREAS. B & J SPE- 
CIALTIES, Dept. 2, P.O. Box 7783, San 
Jose, CA 95150 or 1-800-LESS WEAr (1- 
800-537-7932). In CA (408) 28-SLICK 


NEW! TIRE PRESSURE CONTROL- 
LERS. Free information kit. Chalet Gift 


Shop, P.O. Box 107, Fords, NJ 08863. 


AUTO SUPPLIES & EQUIP. 


GARAGE DOOR 
OWNERS 
Major Breakthrough 


Own A Garage Door Opener? 
You Need The Garage Button” 
Satisfaction Absolutely Guaranteed 

or Your Money Back 


© The Garage Button" replaces your ugly 
door opener transmitter with a stylish but- 
ton mounted in your car 
Installs in less than 15 minutes with very 
simple instructions. No special tools needed 
Eliminates transmitter battery by operating 
olf car's battery. Never have to replace weak 
or dead batteries again 
Keep burglars out of your house from trans- 
mitter theft. Thieves can tsteal itifthey can't 
5ee it 
© The Garage Button“ mounts anywhere in 
your car. No more ugly transmitters clipped 
to the sunvisor that may get lost 
© Works with all Sears", Genie", Moore™, 
Overhead*, Chamberlain*, Clopay* and 
Stanley* brand garage door openers. 
"Longer range than a weak transmitter, 
| Completely preserves code protection. 
Order one for each car, van and truck. 
Makes A Great Gilt. 
Credit Card Orders 24 Hrs. 1-800-442-9199 
Send $14.95 + 2.00 postage & handling to: 
Century Systems, P.O. Box 43725, 


Dept. $12, Atlanta, GA. 30336 


ee iE —Á i lt 
ta gare ys - 
mas for ALL vans ond pickups 
ge beara Pohpropyiene 
Available in solid/heavy dury ribbed syles 
Coll or write for your FREE color brochure and 
the locarion of your closes deoler 


| Em toumer- 1-800-624-2320 P 


CARPET MATe, INC — Dox 855, Troy, Ohio 45373 
SINCE 1972 NEW DEALERS WELCOME 


HEAT WITH WASTE OIL 
Patented heater is ideal for aircraft han- 
ars, garages, repair shops and farms. 
l'housands sold! Free literature: 1-800-826- 
6710 (in Wisconsin: 715-924-4871). Kutrieb 
Corporation, 430 Phillip Street, Chetek, 
Wisconsin 54728. 
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ASTRONAUTICS 


BUILD YOUR OWN 
ROCKET MOTORS! 


* A0 POUNDS THRUST! 
* FIFTY CENTS EACH! 


* BUILD A DOZEN IN 
AN EVENING 


rie kr aw brechure ud well sed you 1 
WORKING SAMPLE of an electric quater that VOU CAM 
MAKE YOURSELF iram materials pou il find arsund the haute 


Dept PS11 THE TELEFLITE CORPORATION 
11620 = 51.. Moreno Valley, CA 92387] 


SPACE/TIME CONTROL TECHNOL- 
OGY! AMAZING DATABASE CATALOG! 
$2: REXCO, BOX 1258, BERKELEY, CAL 
94701 


KITES 


FREE COLOR CATALOG 
Choose from over 100 kites. 
, Many unusual & innovative designs. 
Call or write for your catalog today! 
j Into The Wind » (303) 449-5356 
LT Pearl St., Boulder, CO 80302 


AVIATION 


AURORA" 400A VTOL Aircraft 


Cruise speed 
Servace ceiling 
Hower ceing 
Takesatl distance 
Landing destance 
Ferry range (mar) 
Mormal range 
Erehuramor 


Of WTU 

Dir. WTO 
YXNP mies 
AQ s miles 

2+ houn 


Learn more about this (ascinating new aircraft. Order your copy of the 
recendhy published booklet "Dawn of a New Era’: a bi page unire bork 
an ae developrverni of (he remarkable Aurora 4004 VTL aencrat Please 

send STRUD check ar money onder im LAS. funds only (24.00 outside 
USA) payable to Moshier Technologies Corporation. All orders promptly 
shipped first class mail. Satisiaction guaranteed. 


Moses war 


"m Charleston Riad. Mouniain View, CA GMT = 4T; BASSO 
ighi FA hacib Tec beesioyors Corpais Aii data à pnivivcnal 


FLY Your Own JET 


* USES MAZDA ROTARY ENGINE 
* SIMPLE CONSTRUCTION 
* BUILD FOR $6,000.00 


s HET THAL TABLE LANDIN GEAR 
L RAILERS EA: SLY 


Info kit $20.00 


9973 N.E. Barton Ave 


JET HAWK vancouver WA 98686 


BOOMERANGS ... HI-TECH RE- 
TURNS! ABS; POLYCARBONATE; PAX- 
OLIN: or Wood Constructed. World's Best! 
Boomerangs-Exciting, Collectible. Annual 
Catalog FREE! BoomerangMan, 1806-2 N. 
3rd, Monroe, LA 71201-4222. 


BIRDS, ANIMALS 


FLYING Squirrels Wonderful Pets. Litera- 
ture $1.00. Starling's Squirrel Ranch, 
Neches, TX 75779. 


DO IT YOURSELF 


4321 CATALOGS listed. Sources For 
Anything! $5.00 Catalogs. Box 92452, At- 
lanta, GA 30314. 


SAVING PRODUCTS CATALOGI 80 pages. 
Order from one expert source. America's 
largest energy saving mail order house! 
$1.00 post Solar Components, Dept. PS, 
88 Pine, Manchester, NH 03103. 


ELECTROPLATING Complete textbook. 
Electroplate metallics - nonmetallics. 
$11.95. Details free. Tropic, Box 95E, Palm 
Bay, FL 32906-0095. 


WIRELESS REMOTE CONTROLS of all 
kinds: ON/OFF, light dimmers for secu- 
rity, convenience, Free info. Gulfstream Co., 
Box 47464A, Dallas, TX 75208. 


DETECTION - Surveillance, Debugging, 
Kits, Latest High-Tech Catalog. $2.00, De- 
tection Systems, 2515 E. Thomas, Suite 
16-864, Phoenix, Arizona 85016. 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION DATA- 
BASE CATALOG! $2: REXCO, BOX 1258, 
BERKELEY, CAL 94701 


SELF) TAUGHT 


START YOUR OWN BUSINESS 
Complete course, clearly written with photos and 
| diagrams. 140 pages. Everything you need to know; 
where to order wholesale materials, how to earn 
while you learn. How to set up your shop. 
| Postpaid $40.00 (US). Visa okay. Write for details. | 
NEON: Peter Horsley Publications 
115 Riverbirch Cres, SE, 
Calgary, AB Canada T2C OBS 


SURVEILLANCE-COUNTERSURVEIL- 
LAMCE! Guaranteed Lowest Prices! Huge 
Catalog $5.00 (Refundable). PROTECTOR, 
P.O. Box 520294, Salt Lake City, UT 84152. 


VOIGE Disguisers! FM Bugs Telep hone 
Transmitters! Phone Snoops! More! Send 
Stamped envelope: XANDI ELECTRON- 
ICS, Box 25647, Tempe AZ 85282. 


PLANS Build Yourself-—NI Parts Available in Stock 
 LC7—Burnin sh b pec CO» Laser m 20. 
» RUB4—Po Laser Ray Pistol ...... 
« TCC1—3 Separate Tesla Coi Plans to 1.5 MEV 25.00 
|» l0G1—lon 
» GRAT— Gravity Gen 
- EMLI— Electro T Coil Gun/Launcher ... 
KITS with All Necessary Plans 
+ MFT3K—FM Voice Transmitter 3 mi Range .... 
= VMPM7K—Telephone Transmitter 3 mi 
* BTC3K— 250,000 Volt 10-14" e 
» LHC2K— Simulated Multicolor 
| * BLS1K—100,000 Watt Blaster Defense Device 69 50 
| = ITMTK— 100,000 Volt 20’ Affective — 
Intimidator ... 
« PSP4K—Time Variant Shock Wave Pistol... 
* STAIK—All New p c dns 
Plasma Saber .. ————— 


+ PTGIK— Spectacular Plasma Tornado 


ASSEMBLED win Ai Necessary Instructions. 

+ BTC10—50,000 Volt-World's Smallest 

Tesla Coil .. 
« LGU40—1MW HeNe Visible Red Laser Gun .. 
* TAT30—Auto Telephone Recordi 
* GVP10—See in Total Darkness IR Viewer : 
* LISTtü—Snooper Phone Infinity Transmitter 169.50 
* IPG70— Invisible Pain Field Generator 

Multi Made .............. wae 2450 
* Catalog Containing ‘descriptions of above plus 
hundreds more available for $1.00 or included free 
with all above orders. 

Please include $3.00 PH on all kits and products plans | 
are postage paid. Send check, MO, VISA, MC in US 
funds. : | 
INFORMATION UNLIMITED 
P.0. BOX 716 DEPT. P8, AMHERST, NH 03031 


54.50 | 
- 249.50 


PROJECTION TV ... Convert your TV to 
proj ject 7 foot picture ... Results compara- 

le to $2,500 pro jectors. Total cost less 
than $30.00...Plans and 8" Lens 
$24.95.. Illustrated information FREE 
Macrocoma-ab, Washington Crossing, 
Pennsylvania 18977. Creditcard orders 
24HRS. (215) 736-3979. 


LEARN THE ART OF PLASTERING 

A skill high in demand and high in In- 
come. My copyrighted manual illustrates 
all you need to know. Send $6.50 to: Plas- 
ter, Box 225, Brownfield, ME 04010. 


NOTICE: SAVE THOUSANDS! Don't buy 


another vehicle/boat before reading this 
book written by a prominent financial con- 
sultant. “OWN A MERCEDES FOR $99 
A MONTH” will make your dream car come 
true for peanuts. Guaranteed. Send $10.00 
to THE GOOD LIFE, P.O. Box 2777, Dept. 
PS11, Bryan, TX 77805. 


. PLASMA . 


Build SPECTACULAR PLASMA/ 
LIGHTNING LAMP From 5 Gallon 
Water Bottle. Easily Available Parts. 
ae Detailed Plans. Send $6.95 


BUTLER ENGINEERING 
724 Ashland 
Santa Monica, CA 90405 


MINIATURE FM TRANSMITTER. Easy 
to assemble kit. 1 x 194". $19.95 plus $1.50 
s/h. Other transmitters, bugging equip- 
ment, surveillance books. Catalog $2.00 (re- 
fundable). Apeiron Co., Box 291513, Los 
Angeles, CA 90029 


BATTERY CLOCK MOVEMENTS. Low 
Prices. Catalog $1.00 (refundable). Yankee 
Ingenuity, Box 1135, Altus, OK 73522. 


SURVEILLANCE. Debugging, Kits Cat- 
alog $2.00. TECHNOLOGY SERVICES, 
829 Ginette Street, Gretna, LA 70056. 

TESLA COILS— Kirlian Electrophoto- 

aphy—Plasma Bulbs...Science Plan & 
Scientific Book Catalogue $1. SCIENTIFIC, 
Box 1054HPL, Duvall, WA 98019. 


INCREDIBLE AUTOMATED KITTY LIT- 
TER BOX. Seen on TV's "Live It Up" show. 
Automatically recycles Kitty Litter, dis- 
poses of waste. Plans of prototype, design 
criteria, $10.00. JP Cox Innovations Ltd., 
PO. Box 3406, Markham Industrial Pk., 
501 Alden Rd., Markham Ontario, Canada 
L3R-6GT. 


TELEPHONE LISTENING DEVICE 


Record telephone conversabons in your office or 
home Connects between any cassetle or tape 
2D recorder and your lelephone line. Siaris awto 
T o malically when phone (s answered Records both 
sides of conversation Stops recorder when 

" phone is hung up. 


Super Powerful FM TRANSMITTER 

Many times more powerful than ether Iransmiters 

Transmits up to 'h mile to any FM radio -Easy to 

Assemble Kit - up Ko SV battery [not mel) 

For catalog of Transmitters. Voice Scrambiers and 

other speciafy items, enclose $2 00 Io USI Corp 
Call 407 -T25-1000 or send $19.95 + $1.00 
shipping per item to: USI Corp., FO Box 


P5-2052, Malbourns, FL 32907 coo" +OK. LES E-i 


ROOM SURVEILLANCE 
TELEPHONE 

This is a normal functioning 

telephone! EXCEPT it has a | 

secret built in room monitor | 

Only YOU can call and monitor all room conversations. 

using a secret code, and never be detected! 


5175.00 — & month Warranty — Phone Tap Catalog $3.00 
LISTEN ELECTRONICS, 603 Elgin, Muskogee, OK 74401 


1-800-633-TAPS 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone. Simply snap the 


unit on top of a 9V battery and you can hear | 


every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 
| Call or send MO, VISA, MC for immediate de- 
| livery. Include $1.50 S&H. FREE SHIPPING 


| on orders of 2 or more. All orders shipped by | 


U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


200 SUPPRESSED /DORMANT IN- 
VENTIONSI RARE INFORMATION DATA- 
BASE CATALOG! $2: REXCO, BOX 1258, 
BERKELEY, CAL 94701 


SOLAR HEATER, buy all pd 
locally, iseembie s in one day, no special ta 
or talent required, $20 for Complete ] 
tailed plans. Warm Water, Suite #152, F 
Box 6020, Spring, TX 77391. 


UNIQUE mechanisms - tools - metal 
motors - casting - silkscreens - much mo 
catalog and sample, $2, INVENTO! 
HARDWARE, Box 8460B, Anaheim, : 
92812. 


ENERGY, GENERAL HOME - Usin 
computer, complete plans $9.95, PD ^ 
6780, Reno, NV 89513. 


VCR Owners dont use head damag 
cleaning tapes! Clean heads the way p 
fessionals do. Tool and detailed manų 


| $5.00. Easy. P. A.R. Video, 3404 Hiller 


Rd., Harrisburg, PA 17109. 

REVERSE UTILITY METERS - PHO 
PHREAKING - HACKING - Unusual Pr 
lications - Catalog $1.00 - (refundable). 
ternatives, Box 4F, Carthage, TX 7563 


SURROUND SOUND DECODER ` 
with Noise Reduction/Rear Speaker A 
plifier. $39.95. Send SASE for a E L 
Phone Industries, Box 150, Elmont, : 
11003. 


KNIGHT FOR 
YOUR CASTLE 


Build This Classic Knight 
Display for a Few Dollars. 
it's Fun and Easy to Build 


OR SEND $2.00 FOR FURTHER DETAILS 
WRIGHT DESIGN 
P.0. BOX 20793 SAN DIEGO, CA 92120 


SAVE MONEY BUILD YOUR O! 
COMPUTER IBM compatable—Step 
step instructions—Learn while you s 
money building in only the features | 
need. Send $11.75 to: DCS Services, 1 
Meadow Valley, Irving TX 75060- 6530 


LEARN CAMERA REPAIR! Catalog 
Camera Repair Books and Tools $1. 
ROMNEY, Box 446 S, Drayton, SC 293 


BUILDING a home or addition? T 


manual shows you how to cutout the m 
dleman, and shave thousands off the c 
tractors price. Free details. Tidew 
Publishing Company, P.O. Box 927-A, Fi 
ericksburg, VA 22404. 


REMOTE TRIGGER for  photogra 
strobes and other uses. Schematic, 
list and engineering notes, $5. SASI 
check to: John Wilson, P.O. Box 3866 
Las Vegas, NV 89030. 

NEW TV PROJECTOR KIT! 7" to 25" 
become 7 foot screen. Guaranteed. Insti 
tions included. $19.95 to: BJ Enterpri 
PO Box 1303, Hendersonville, NC 28 


SNOOPER-PHONE, Listen From À 
where To Anybody, Unlimited Range, € 
alog $2.00. ISTRIC, 165B 115th St., Re 
away, NY 11694. 


SWIMMING POOL OWNERS: Y 
problem of keeping water off your Wir 
pool cover is easily solved with this at 
matic water siphon. Send $9.00 plus $å 
P&H to: Hollyhouse Products, P.O. | 
1484, Hickory, NC 28603. Allow 4 to 6 we 
for delivery. 


DETECTION - Surveillance, Debugg 
Kits, Latest High-Tech Catalog, $2.00, 
tection Systems, 2515 E. Thomas, S 
16-864, Phoenix, Arizona 85016. 


LOTTERIES 


WIN ANY LOTTO! Use science to pre 
winning £'s. #1 program Nation-wide. I| 
/Compatible PC's. $19.95 CALL NOW! 
MC 1-800-456-5825. 


REMAILING SERVICES 


CONFIDENTIAL Mail Receiving/ 
warding. Mail Drop, Box 18038 
Orlando, FL 32860. 


HOVERCRAFT 


AERO-CAR Amazing Hovercraft b 
easily with ordinary tools. Lawnmowe 
gine powered. Carries one man plus. F 
over land / snow / water. Complete plans 
booklet. $10.95. Aero-Projects, Box 5118 
Clinton, NJ 08809. 


HOVERCRAFT Plans, Parts. Cata 
$1.00. Universal, Box 281, Cordova 
61242. 


"HOVERCRAFT 


BARTLETT FLYING SAUCER 
ILTRA-LIGHT Hovercraft Featured In 
umentary Film, “Force Beyond” Pow- 
1 By Ordinary Lawn Mower Engine. 
peer Plans and Supply Sources. $10.00 

To: Herb Bartlett, P.O. Box 156-5, 
rerdale, WA 98383. 


IO Super mileage carburetors work? 
ID OUT FREE! TDC, 2069 Zumbehl, 
te 173-2C, St. Charles, MO 63303. 
C —AÓQrÁ (€ E 


DATS, INBOARD/OUTBOARD 
MOTORS 


OAT PLANS — PATTERNS — KITS 
Hundreds of designs — Sailboats — 
rerboats — Sportsfishers — Rowboats 
Duckboats — Bassboats — Canoes — 
lroplanes — Simple construction — 
ven results — Tremendous savings! 
antic 160- page catalog $3.00 ($4.00 
mail) — Includes Free “Boatbuilding 
iplies" catalog. GLEN-L. 9152 Rose- 
ns, Box 1804SP, Bellflower, CA 90706. 


OTHER BRANDS 1986 
RGAINS .. All Sizes... $2.00 Han- 
ig. Scott McCulloch . Electra 
rine, 610 Merrick Road, Lynbrook, New 
k 11563. (516) 599-3003. 


Powerboats — Sailboats — 
mies — Rowboats — Hydroplanes 
innelhulls — Duckboats — Canoes — 
yaks — Dinghies — SUPPLIES — 
ies — Fiberglass — ERN — SEND 
GLANT CATALOG 
($5.00 Amail — Book “Amateur 
itbuilding” $6.00—CLARKCRAFT 16- 
qualane, Tonawanda NY 14150. 


mn ahi rformance plywood mini 
about. 9 er planes two adults. Full 
templates and instruction booklet 
.95. Write: Speedcraft, P.O. Box: 623, 


ca, MI 48087. 


SAIL—16'-30' all trail- 
ble molded fiberglass hulls and decks 
xe factory assembled—you install fac- 


. No experience required. FREE 48 page 

log. LUGER, Dept. AC-118, PO. Box 
t. Joseph, MO 64502. 

| Boat Kit; MO: (816) 233-5116. 


- ALTERNATE ENERGY 


HYDROGEN FUEL and Oxygen 
erator uses Water and Solar Cells. 
s and Kit $12.00. Prairie Power, Box 
b, Faon, Alberta, T6H OLO, 
ada. 


Bue pe P A 

solar cells, panels. Catalog 

0 refundable. A lied Photovoltaics, 
2773, Staunton, Virginia 24401 

boo UNCONVENTIONAL ENERGY 

CHNOLOGIES! AMAZING DATA- 


SE CATALOG! $2: REXCO, BOX 1258, 
RKELEY, CAL 94701 


Efficiency. Beyond 100% First 
ctical over-unity Electrical Power Pro- 
tion System. Information $2.00 Finally 
ks. Route 1, Box 66, Kalona, IA 52247. 


JEL FROM WATER. Energy Indepen- 
ce with hydrogen. Amazing free report. 
it, Box 694, Louisville, KY 40201-0694. 


NEW ENERGY SOURCE! 
| ENERGY SOURCE! Centripetal 
ion; New Propulsion systems; Copy 
ure; $5.00 sample co 4 Brochure; 
SES”, PO. Box 3110-8 Laredo, TX 
M4, 


FOR THE HOME 


3 YOUR HOME While On 
lor. How-To Booklet $3.00. Protect, 
A Morehead St., Morganton, NC 28655. 


EN YOUR LIGHTS GO OUT, GLO- 

8 COMES ON. Fits door knob plate. 

FE ornament. $1.98. 7232 Normandy, St. 
his, MO 63121. 


hts and appliances. Add security, con- | 


ience, safety and romance to your home. 

ules install with screwdrive. Over 
000 sold. Free information. Future- 

e Distributors, PO. Box 7331, Dept. 
D1, Rosell, NJ 07203. — —  — NJ 07203. 


supplied interior. Save half factory built 


HOME CRAFTSMAN 


MAKE WOODEN TOYS, whirligigs, clas- 
sic autos, swing sets, doll houses, crafts, 
furniture with our plans, parts, kits, sup- 
plies. Color catalog subscription $1. (614) 
484-4363. Cherry Tree Toys, Belmont, OH 
43718-0369. 


WOODCRAFT Patterns, Wells, Mills, 
Whirligigs, Jigsawing, Bird Houses & Doz- 
ens More. Catalog $1.00 Write: CRAFT- 
ER's, 11840 North US.27, Dewitt, Michi- 
gan 48820. 


COMPLETE CLOCK KITS FROM $5.90! 
Music movements $1.95! Components, 
plans, i xy, prints-over 800 clockmaking 
items. Wholesale catalog $3.00 (credited). 
Steebar, PO. Box 463-5, Andover, NJ 
07821-0463. 


NURSERY STOCK 


MAKE Idle Woodlands Work For You. 
Information $1.00. Ginseng PS, Flagpond, 
TN 37657. 


TOOLS & MACHINERY 


4" METAL Cutting Lathe $109.80. Taig, 
15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Supplies. 
Free Literature. Pyramid Products, Dept. 
M,3736South 7th Avenue, Phoenix, AZ 8504 


“SHARPENERS REPORT” Monthly 
Newsletter. Tips—Sources—Used Equip- 
ment. FREE Brochure. SKOG Company, 
Dept. PS11, PO 22559, Minneapolis, MN 


' Springfield, Ohio 45505 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


L 
Box 536-PS Hurricane, WV 25526 304-562-3538 
Unintat * Compact * Marimat * Myford + Sherline * Atlas + Jet 


REPRESENTATIVES OF MANY MANUFACTURERS 
Toll Free Number For Orders 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


GAUGE'IT 


NEW ITEM 


Fast, accurate, durable aluminum, direct reading 
thickness gauge (no dials or conversions required) 
for determining wood thicknesses for planers. 
0-2" with stops at 1/4" loterrals. Guaranteed. 
$ 14.95 + $ 1.80 for postage. 


E.F.Boerder 
4514 Cole Avenue, Dallas, Texas 75205 
rm Dept. PST or order direct, , 


800-727-7173 


REAL ESTATE 


CALIFORNIA. Acreage. Lots. $40 down. 
$40 monthly. 4602 Et el Ave, Sherman 
Oaks, CA 91423. 


FREEDOM COUNTRY 
20 BIG acres in WESTERN MONTANA, starting at $9850 
. $500 down, $37/month . Trout fishing, backpacking, 
camping. Elk, deer, moose, bear. ADJACENT to National 
Forests, near established towns. Yellowstone and Glacier 
National Parks nearby. GUARANTEED ACCESS, INSURED 


TITLE, WARRANTY DEED. FREE color brochure, photos, 
maps. FULL MONEY-BACK GUARANTEE. 
CALL TOLL FREE 1-800-592-5999. 
TREASURE STATE RANCHES 
410 Milwaukee Street, Dept 


.P$ 
Deer Lodge, Montana 59722 - (406) 846-1000. 


could qualify for GOVERNMENT 
REFUND. Kit $5.00. Refund Consultant, 
Box 169, Middlebury, IN 46540. 


GOVERNMENT HOMES from $1 (U 
repair). Delineuenttax pro erty. Sa gone 
sions. Call 805-687-6000 Ext. GH-20025 
for current repo list. 


T acti tr homes from Gov't from 
$1.00 plus repairs/taxes. Nationwide! Also 
tax properties. 216-453-3000, Ext. 8230. 


FLORIDA Homes, Condos, Land, Invest- 
ments, Foreclosures. List $3.00. Isaacson 
Enterprises, 3601 Bayway, Dept. PS11, 
Cooper City, FL 33026. 


MONTANA LAND 


20 Acres (or more) starting at $9750. Near Beau- 
tiful Yellowstone Park or National Forests. Hunt 
trophy elk, deer, moose, antelope or turkey. Fish 
blue ribbon trout streams. Insured title and war- 
ranty deed. Excellent owner financing. Free color 
brochure. 


Call Today Toll FREE: 1-800-252-LAND 
Yellowstone Basin Properties 
1119 N. 7th Ave., 

Dept. PS. P.O. Box 3027 
Bozeman, MT 59772-3027 


(406) 587-5469 


MONTANA 
Trees, Creeks, and Wildlife. 20 QUALITY acres | 
(and up), close to Yellowstone Park, starting 
at $7,450. Easy Owner Financing. Guaranteed 
Access. Warranty Deed. Insured Title. FREE 
BROCHURE. 
Call Toll Free: 1-800-777-9958 
Rocky Mountain Timberlands 
8701 Huffine Lane, Dept. PS, P.O. Box 1153 
| Bozeman, MT 59771-1153 * (406) 586-8088 | 


BUSINESS OPPORTUNITIES 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-8, Hickory, NC 28603. 


$1.00 POUND From "Junked" Tires! 
(Send Stamp). LaVallees, Fountain, FL 
32438. 


IMPORT-Export opportunity, profitable 
world-wide, mail order business from home, 
without capital. We ship plan for no risk 
examination. Experience unnecessary. Free 
Report. Mellinger, Dept. N269C, Woodland 
Hills, California 91367. 


BUMPER Sticker Printer. Cheap, Sim- 
ple, Portable. Free details Bumper, POB 


| 22791(LLC), Tampa, FL 33622. 


LEARN MIRROR RESILVERING, Free 


| Information. Silvercraft, Box 127, Lans- 


downe, PA 19050 


REPAIR HYDRAULIC JACKS— Free de- 
tails. Hydraulic Parts Supply, Dept. 5, Box 
4157, Brownsville, TX 78520. 


RECYCLE METALS. NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsby's, Box 1214, Franklin, TN 
37065-1214. 


MAKE HOMEMADE BOOKLETS. I'VE 
EARNED $157,000 WITH MINE. MONEY 
NEVER STOPS! Free information: Dasher, 
PO. Box 1039, Gatlinburg, TN 37738. 


ADVERTISE free in 507 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 
30301. 


$192.00 FROM Square Foot Plywood 
(Huge Demand), Revealing Proof 50¢ (Re- 
fundable), Woodwins, Bridgewater, MA 
02324. 


$18,000,000,000 
Found Money 


Eighteen billion dollars 
still unclaimed from 
Government. Claim your 
substantial share. For 


free information phone 


1-216-453-3000 
L9092 


ext. 


©1988 DSA DLZ34-4 


| PANASONY 


MAKE Rubber Stamps. Highly Profitable 


Business. Free Details. Stamper, POB 
22809 (LLC), Tampa, FL 33622. 


OPENS ANY LOCK WITHOUT A KEY!!! 


Amaring EET GUMTA 
Sells Cho Sight To 
Ca? Dealers Police 
Le ai litre ity, TIT] 
Companies, Fic 


YOUR COSI 
Sample........3979 00 each ii. 
IU or Mure. $49.00 each 


RETAIL $99.00 
Farbusrer Übsirrhatorsbspa: Availale 
S008 csulh Federal Higheay 


CORPORATION WINTERS MN 


PIANO TUNING PAYS: Learn with ap- 

proved home study course. Diploma 
anted. American Tuning School, 17050 
elfer Dr., Morgan Hill, CA 95037. 


SCWL Subliminal Tapes Wholesale: 
Write: Life Enhancement, 811 Moulin, Mad- 
ison Hgts., MI 48071. 


CONCRETE Block Machinery; Catalog 
$1.00. Route One, Box 3740, Rapid City, 
South Dakota 57702-3740. 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
We supply everything. Details free. VIP, 
2036 Montrose, Chicago 60618. 


go aes an FS T LJ a = oo BF 
MAKE $30. 00 E 

ý '" AN HOUR 3 

; METAL POLISHING : 

AND BUFFING - e 


Bri ght V Works, Inc 
342 |i £4 Nw AM "pt 
ul sell La 


; Detailed Book $9 95 
Video with Book $39.95 : 
ard n or BETA Ne 

uu mE # el a a a 


DONT BE FOOLED BY IMITATIONS! 
Build the best giant screen projection TV for home or high 


profit with lenses and screens utilized by SONY, ZENITH, 
SYLVANIA, and MAGNAVOX! Simple construction! illustrated 


information and complete parts catalog $2.00 . . . 
back guarantee! 
... POLI-VISION GIANT TV 
187 CYPRESS ST., THROOP, PA 18512 


Money 


EARNINGS Unlimited! Mail Our Bur- 
glar Alarm Advertisements From Home! 
RBM Merchandising, Box 59314, Chicago, 
IL 60659. 


MAKE YOUR DREAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS NOT 
REPLACING THEM. CALL TOLL FREE 1 
(800) B26-B523 OR WRITE: THE 
GLASS MECHANIX INC., 10T7O NW 47 
St, Sun Rise, FL 33351 


$1000's WEEKLY. Free information. 
Stamped envelope: Progress, Box 93248, 
Los Angeles, CA 90093. 


$10,000 MONTHLY Taking Photo- 
graphs at Home! Call recorded message: 
(303) 674-8155. 


$40,000 ON 1/3 ACRE! New hydro- 
EHR IMIEDIDRLMR pleasant, practical! 

ree information. Planters, Box 1214, 
Franklin, TN 37065-1214. 


PROJECTION TV...Make $5$'s assem- 
bling Projectors...Easy...Results compa- 
rable to $2,500 projectors. . Total cost less 
than $30.00. . PLANS, 8 8' LENS & Dealers 
Information $20. 50...lllustrated informa- 
tion FREE. ..Macrocoma-abx, Washington 
Crossing, Pennsylvania 18977. Creditcard 
orders 24 HRS. (215) 736-2880. 


: found money still 
unclaimed from Gov't. Claim your substan- 
tial share. For information phone (216) 
453-3000, Ext L8061. 


MAKE 2250,000. Free Details. Send 
stamped envelope: Richard Crawford, P.O. 
Box 652, Bellarthur, NC 27811. 


TEN GUARANTEED HOME-BUSINESS 
SMONEYMAKERS BOOKS. $20.00. 
ORDER NOW! or FREE information W/ 
LSASE: JerrMack Publications, RR14, 
B211, Florence, AL 35630. 


TAKE Catalog Orders. We drop-ship 2955 
best-selling specialty products. west 
below wholesale prices. Immediate deliv- 
"ui y pectach ar home business opportunity. 

k. SMC, 9401 De Soto Ave., Dept. 
28.95 Chatsworth, CA 91311—4991. 
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ALUMINUM SCRAP —Recycle Yourself 
—MAKE UP TO $25.00/POUND! FREE 
Information: Industrial - PS811, Box 127, 
Alexandria Bay, New York, 13607. 


MAKE BALLOON ANIMALS. $400 
Weekends! FREE SAMPLES/INSTRUC- 
TIONS: Funnymans—Ps&11, Box 250, Al- 
exandria Bay, NY 13607. 


(REWARD) Dollars For Pennys. Manual 
Send $2.00. Enterprises, (PS 11), Box 2609, 
Covina, CA 91722. 818-339- 2400. 


MAKING EXTRA MONEY MADE EASY. 
Subscription to Opportunity Maga- 
zine offers hundreds of proven ways. Write: 
Opportunity, Dept. 040, 6 N. Michigan, 

Chicago, IL 60602. 


FREE Information. Home businesses. Un- 
limited income. Very low start-up costs. 
High profit margin. GEM MARKETING 
1-800-541-0900. 


$4000 PER WEEK LISTENING TO 
PEOPLE'S SECRETS! LEGAL! Details 
$2.00/Refundable Write: TRIACOM, Room 
A-07, Box 5, Brunswick, OH 44212. 


$1,000's Weekly !! Malling From 
Home ! nity ! Lari- 
gey Entorprises, 126 Rappahannock 
Stroot, Warrenton, VA 22186. 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Free 
Details. Gold, POB 24986 (LLC), Tampa, 
FL 33623. 


MAKE BIG MONEY REPAIRING WIND- 
SHIELDS, & Plate Glass! Up to $60,000 
year Call TOLL-FREE for Valuable FREE 
report. -BOO-32T-25987. Glas-Weld Sys- 
tems, Box 5755- C11, Bend, OR 97708. In 
USA or Canada call toll-free 1-800- 
321-2597 for valuable free reports. 


NATIONS'S BEST HOME BUSINESS 
OPPORTUNITIES. Free subscription. Send 
name, address, zip to: Spare Time maga- 
zine, Dept. D2-118, 5810 West Oklahoma 
Avenue, Milwaukee, WI 53219. 


DISCOVER HOW TO Start your own 
Successful Business at home. Seven profit- 
able businesses revealed. Free details. 
Guaranteed. Webster Co-Operative Pub- 
linbing, 777 Hawthorne Place, Webster, NY 
14580. 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial 
Box 4309-¥, West Covina, CA 91791. 


000 MONTHLY INCOME! Easy 
Moneymaking Plan. No Investment. Mc- 
Dowell, Box 5529-Y, Diamond Bar, CA 
91765. 


GET PAID for reading books! Write: 
Pase-AB6, 161 Lincolnway, North Aurora, 
IL 60542. 


FINANCIAL INDEPENDENCE, Start 
your own PROFITABLE BUSINESS at 
home. Free details. Unique Concepts, 10290 
Monte Vista, Montclair, CA 91763. 


MAKE High Profit, Hot Selling License 
Plates, Sime VACUMAGIC, PO Box 24986 
(LLC), Tampa, FL 33623. 


$500 WEEKLY mailing ads. Network 
Advertising, Box 51063, Durham, NC 27717. 


$SLOOO's WEEKLY processing mail. 
Start immediately! Poatage/Supplies fur- 
nished! Details - Sase. Opportunities, Box 
209PS, Brooklyn, NY 11219. 


485. MAKES $55,000. SELL RE- 
PORTS MULTI LEVEL BY MAIL. FREE IN- 
FORMATION. SASE. "MONEY". Box 306, 
Holcomb, Kansas 67851. 


BIG MONEY can make you happy! Ex- 
citing details FREEI JBC, Box 064, West- 
minster, MD 21157. 


START A USED CAR BUSINESS AND 
MAKE BIG MONEY Detailed Instructions, 


$3,000 MONTHLY with zero invest- 
ment! Unlimited potential with risk-free 
business. Free details: TXI, 5764 “D” St., 
San Bernardino, CA 92407. 


| $376.00 FROM ONE SACK CEMENTI 

Huge demand. Picture Proof $1.00 ( Refund- 

de BRINCO, Box 1092, Hesperia, CA 
2345. 


EARN QUICK CASHI Buy/sell Govern- 
ment seized autos, houses, computers, dirt 
cheap. Write: Surplus: Box 8009, Rowland 
Heights, CA 91748. 


146 | POPULAR SCIENCE 


SEEK INFORMATION By Mail! Details: 
CDM Publications, 4931 Churchhill-PS11, 
Tenino, WA 98589. 


14,947 HONG KONG, Taiwan PROD- 
UCTS CHEAP Small lots. Some samples 
free. Harbor, Box 1719-PS-11, Yuba City, 
CA 95992. 


MONEY! would you like to make more? 
Send for Free information to Francis 
Greene, 3 Johnson Avenue, Lake Placid, NY 
12946. 


HOW TO BUILD A Successful Snack 
Vending Business. Complete In-depth 
Start-up Manual. Free Details. Snack At- 
tack Inc., Dept. 9, 7 Marblestone, S. Se- 
tauket, NY 11720. 


MAKE It Big!! Success Secrets. Hundreds 
Self-Improvement Books. Free List. Edu- 
cation, Box 1026-PS, Bisbee, AZ 85603. 


SIMPLE, UNIQUE BUSINESS has | 


earned me $218,000. Free information. 
Apco, Box 6329, Evansville, IN 47719. 


MAKE MONEY AT HOME NOW FOR 
CHRISTMAS. Our directory lists over 500 
Em anies that pay for your home skills. 

$10.00 to The Viking Co., PO. Box 
ts Dept. 852, Morton, PA 19070. 


MAKING IT RICH! New exciting wealth- 
producing business. No investment, work 
at home. Free details. Kirk Murphy Dept. 
P811, 436 North Post Oak Lane, Houston, 
Texas 77024. 


500 LOW-COST FRANCHISE OP- 
PORTUNITIES, plus other business plans! 
Free Details. General Products, 2554 Lin- 
coln $4285, Marina del Rey, CA 90291. 


ATTRACT VENTURE CAPITAL. [nstruc- 
tions to write a comprehensive business 
plan. Send $5.00 to ENTREPRENEUR 
GUIDE, 330-A W. Uintah, Suite 234, Colo- 
rado Springs, CO 80905. 


FINANCIAL FREEDOM can be yours! 
North America's best kept money-making 
secret. Fast, easy, respectable. FREE infor- 
mation. Graywood Publishing R.R.#4, Al- 
monte, Ontario, Canada. KOA 1A0. 


FINANCIAL SECUTI CAN BE 
YOURS, BUSII S To Work From 
Home. GUARANTEED. Free Information. 
Groves Publications. 2415 S.W. 2nd, Topeka, 
KS 66606. 


$24,000 IN YOUR BACKYARD. 
Te -time growing profitable specialty 

nts. Easy—start with $50. Free infor- 
ios. Homestead Growers, Box 988-P5, 
Friday Harbor, WA 98250. 


START NOW ! Begin your own business, 
legally incorporate yourself. Learn how. 
Send $4.00 Booklet. JON-J AY CORPORA- 
TION, PO Box 771. Yonkers, NY 10704- 
0711. 


BUTE CLEANING PRODUCT to 
established businesses. No investment. 
Franchise fee or experience required. Send 
$7.00 (refundable) for information and 
sample. Metropolitan Manufacturing Com- 
pany, 4651 N. Elston, Chicago, IL 60630. 


GET RICH SLOW. Most Profitable Home 
Based Business That Can Be Found In 
America. Free Details. John Scott, Dept. 
C, PO. Box 627, Sikeston, MO 63801. 


GOVERNMENT - : RES Buy 
dirt cheap. Re-sell for anahat profits. 
Secrets revealed! Free Brochure. Box 
5000A, #412, Danville, CA 94526. 


| $15,000 MONTHLY INCOME! Easy 

Moneymaking Plan. No Investment. Mc- 
Dowell, Box 5529-Y, Diamond Bar, CA 
91765. 


“YOUR IDEAS MAY BE WORTH A FOA- 
TUNE" Free Proof! Whittle International 
Group—403 Market-PS- Middletown, PA 
17057. 


NEW Discovery in Battery recondition- 
ing. Eighteen months guarantee! Means 
Big Profits Fast! Electoan, 7415 Gable Dr., 
Little Rock, AR 72205. 


MAILORDER OPPORTUNITY: Start 
profitable home business without experi- 
ence or capital. Write for free book, plus 
details. Mail Order Associates, Inc., Dept. 


667, Montvale, NJ 07645. 


CLIP Newspaper Items $3—$25 Each. 
Free Information. Instant Reply Tritech, 
Box 76, Childs, Maryland 21916. 


Antonio, 


FINANCIAL FREEDOM. Start your own 


ponani business at home. Free details. 
neau Marketing, Dept. F511, 162 Diane, 
Ferris, TX 75125 


WHATS IN A NAME?T-MONEYIl! Offer 


a VALUABLE service, in GREAT | 
Excellent Part-Time Business, Details, 
$3.00, (refundable). Quality-Kits Co., Dept. 
ML, PO. Box 43429, Atlanta, GA 30336- 
0029. 


MILLIONAIRE SECRETS TO FINAN- 


CIAL INDEPENDENCE. $4.00. Bensons, 
Box 879—PS, Vienna, VA 22180. 


HIGH PROFIT. Businesses at home are 


successful for anyone. No experience or cap- 
ital required. Free [nformation. Financial 
Enterprises, 12701 North Pennsylvania, 
Suite 260-A, Oklahoma City, OK 73120. 


“425,000 For a few hours work does 
not seem fair" Read all about it. Free in- 
formation. APA, 2005 Gallows Tree Court, 
Vienna, VA 22180. 


EARN $30-$60 PER HOUR PLOW- 
ING SNOW! PROVEN METHOD! AUTHOR 
TELLS HOW. Send $9.95 to: Gary Robin- 
son, P.O. Box 9624, Fort Wayne, IN 46899. 


$200 daily crafting "PVC Furniture." 
True! (Free) details: PVC, 771 PS, Battle 
Ground, Washington 98604-0771. 


"HIGH PROFIT” —nofran/dealer fee. Cpt. 
& uph. stain remover—exclusive territory- 
Deal with inventor direct Guaranteed best 
or money back. Call Debbie 1-800-338-5215. 


200 HOME Businesses & COMPUTER 
Businesses. SSASE: Cottage Industries, POB 
13253, El Cajon, CA 92022. 


HUNDREDS weekly easily. Assemble 
PROVEN products. Spare Time. No Ex 
rience. Free information. IEC, Box 22 T. 
Silverdale, WA 98383. 


"AWARDS of $20,000-3500,000. 
Billion dollar Government program pays 
you for your ideas. Work at home. No in- 
vestment. Free information. DJR Indus- 
tries, Dept. 211, Box 6754, Lawton, OK 
73506." 


PIANO TUNING. Modern Home Study 
Course. Details. RVH Publications, Tun- 
ing Department, 136 Yaqui Street, Virginia 
Beach, VA 23462. 


$2000 A WEEK—Two Typewritten 
Pages Of Paper Brought Me $2,000 a Week!! 
I'll help you get started. Fast, simple, and 
easy! Report mailed FREE! Sam Pitts, Dept. 
T9015, 708—12th St. NW, Canton, OH 
44703. 


STARTING YOUR OWN L 
BUSINESS. FREE Subscription to Oppor- 
tunity Magazine tells how. Write ( )pportu- 
nity, Dept. O42, 6 N. Michigan, Chicago, 
IL 60602. 


IDEAL BUSINESS! Selling Valuable 
Books By Mail! Huge Profits! Book Reveals 
All! Free Details! Write 1560 Placentia 
#F6-PS, Newport Beach, CA 92663. 


HOW-TO-BOOKS, 


ABLE BUSINESSES You can operate 


from home. 
Groves Publications, 
Topeka, KS 66606. 


BUY IT WHOLESALE 
OUTS! Wholesale! QOverruns! 


CLOSE 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Michigan 48220. 


Guaranteed free details. 
2415 S.W 2nd, 


WHOLESA LE PARTS 
184 page catalog 

Replacement parts for 

outdoor Power Equipment 


COMMERCIAL, HOMEOWNER, 
RECREATIONAL 


LS. THORPE CO., INC. 
P.O. BOX 45245 DEPT M 


tor Catalog SOMERVILLE MA 02145 

400,000 Below Whole- 
sale! Many “Free!  Liquidations.. 
Closeouts! ... Job Lots... Single Samples. 


Free details. Worldwide Bargainhunters. 
Box 1409-B, Holland, MI 49422. 


500,000 AMAZING MONEYMAKERS 
Photographed! Catalogs, Box 18628-G, San 


exas 78218-0628. 


ak r 


VACUUM CLEANERS ISCO 
Prices” New Rainbows $499.95, Kirby, 
ter Queen, Tri-Star, Panasonic, Deta 

ABC Warehouse, 6720 Burnet-PS, Aus 
| TX 78757. : 


CONFISCATED CARS, trucks, boa 
wheelers, motorhomes, by FBI, IRS, D 
Available in your area now. Call (805) 6 
7555 Ext. C-1042. | 


WATER PURIFICATION 


-—— 'P/íÁÉA( ————————— ————— ona! 
DEIN K PUREST WATER! Home Dis 
ers. Discount Prices! 800-874-90 
Box 45981, Center Hill, 

33514-0459, 


TESTED PUREST!!! Home Distilli 
Free Information. Bestway, Box 3 
Matamoras, PA 18336. | 


GOOD EATING 


—— T CRESS SE SETI 

AUTHENTIC NEW ENGLAND RE 
IPES: Chowders, Seafood, Carrot Ca 
Pumpkin Bread, Beans. $2.00 SASE: Sz 
pler, Box 332, Cohasset, MA 02025. — 


HAIR CARE | 


HAIRPIECES- Free Catalog! To 
Image, 10 PS-11 West, South Norwalk, 
06854. 

| | 
" MISCELLANEOUS | 


MORE Out Of Life $3.00. Weisbec 
Maale Amos, ISRAEL 90966. 


SELL Photos. $$$ with your camera. ' 
Boat $4.00. Duty Free. Hodder, PS 
at Harbour, Newfoundland, Canada A 


| 

c MN" 

FORMULAS, PLANS | 

CONS TUUS Se mee TT Gee 

LASERS Plans For 5 Plasma Las 

$10.00. Lazex, 35 Winslow Ave., Somerv 
MA 02144. 


WINEMAKING | 


WINEMAKERS —ÉCBHEERMAKERS 
Free Catalog. Fast Service. Large Select. 
Kraus. Box 7850-N Mda ndena, | 
64053. 


WINEMAKER —BEERMAKER: F 
lustrated catalog of supplies. Semplex, 
11476H, Minneapolis, MN 55411. 


784-S, Chapel Hill, North Caro 


vatives. (819) 829-4277. SPI, 
27514. 


DETECTIVE 


PRIVATE INVESTIGATOR Home-st: 
Training Program. Free Informat 
Global, Box 191PS, Hanover, MA 0232 


AGENTS WANTED 


DISTRIBUTORS WANTED USA 
service. Details/ Demo $2.00. PO. Box 1' 
Brunswick, GA 31521. 


HOBBIES/COLLECTION 


MILITARY Medals Catalogue $1.00. 8 
scription $8.00. Vernon, Box 1387PS 
Baldwin, NY 11510. 


LIVE COCOONS, CHRYSALIS-exce 
for breeding and experiments. Butterf 
Moths, Insects, Send for catalog, B 
Ithier-Lepidopterist, PO. Box 392, Boli 
PA 15923. 


POSTER DINOSAURS Full Color, E 
Quality, Laminated $6. WALLET N 


 DINOSAUR Imprinted, Five Com 


$5. DINOSAUR VIDEO VHS Animal 
and Live Action Fun $15. REINER 1 
1270 Broadway, New York, NY 10001! 


AQUARIUM producta catalo : 
brands, discount prices! $2.00 eb di 
TFC, Box 65-PS, Felton, CA 95018. 


ADVERTISING AGENCY & SVC 


ADVERTISE On Radio!! Sell Mailorder 
Products. WJJF-Radio, Box 282, Hope Val- 
ley, RI 02832. 


MODELS, SHIPS, CARS, PLANES 


WORKING STEAM MODELS! KITS OR 
ASSEMBLED. Stunning 34-page colored 
Catalog $4.95 (refundable) Large Dis- 
counts. Diamond Enterprises, Dept PSA, 
Box 537, Alexandria Bay, NY 13607. (613)- 
475-1771. 


SCIENCE & CHEMISTRY 


225 PAGES! 1988 Glassware, chemi- 
cals, Y ugs books, experiments, 
DINOSA and charts! Most compre- 
hensive ce offered by anyone in this 
column. tablished 1970. $3.00(US) 
Analytical Scientific, 
11049 Bandera San Antonio, TX 78250. 
(512) 684-7373 VISA. 


CHEMICALS - GLASSWARE, Catalogue 
$1.50. established 1953 Hagenow Labora- 
tories, 1302 Washington, Manitowoc, Wis- 
consin 54220. 


200,000 VOLTS! 
VAN de Graaf Generator Kit. Only $69.95 
Plus $3.50 Shipping. Easy Assembly For 
Ages 10 Up. Instructions, Illustrated Ex- 
Tinent Booklet. All Parts Included. Free 
rochure. Morris and Lee, Dept. PS-11, 95 
Botsford Place, Buffalo, NY 14216. 


1989 CATALOG, 200 pages. Chemistry, 
Biology, Physical & Earth Science, Nature, 
Dinosaurs and much more. Beginner to pro- 
fessional. $2.00. Merrell Scientific, 1665 
Buffalo Rd., Rochester, NY 14624. 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, coat- 
ing, fiberglassing, repairing and reproduc- 
ing with our Mo d Making Supplies. Cata- 
log $2.00. CASTOLITE, Dept.88P/PS, Box 
391, Woodstock, IL 60098. 


RECORDS & TAPES 


COMPACT DISCS. Your Music! Bar- 
gains! Catalog $1.00. Tower, Dunkirk, MD 
20754-0213. 


RADIO TV 


CABLE TV Boxes— wireless remotes. 
Year warranty. Catalog $2.00. Lee Electron- 
ics, 527 Third Ave., Suite 228PS, New York, 
NY 10016,(212) 683-3544/1(800) 622-1101. 


CB RADIO 


SECRET CB manuals, modifications, ac- 
cessories. Catalog $2—Selman Enterprises, 
POB 8189, Corpus Christi, TX 78468-8189, 
(512) 853-2935. 


COMPUTERS 


WORLD Largest Software Library For 
e IBMPC Write: Reliant, P.O. Box 
33610, Sheungwan, Hongkong. 


— IBM Software $1.99 Per Disk Sample 

Disk + Catologue For $1. Star Data, 333 

Ft Way, Suite 107, Sunnyvale, CA 
086. 


COMMODORE /AMIGA CHIPS, DIAG- 
NOSTICS, PARTS, REPAIRS. Low prices. 
Kasaramicro, 1- 800-248- 2983. 


FREE programs!! IBMpc's/ Apples/Com- 
modores/Adam/TRS80's/TI99-4A. 
raezra, Box 52225NV, San Diego 92105. 


APPLE, COMMO- 

DORE. Send $2.00 for sample disk and cat- 

alog, refunded with order. Computer Com- 

panion 45532 Fig, Room 102, Lancaster, 
93534. 


PROFITABLE OCC. 


OVERSEAS AND CRUISESHIPS EM- 
PLOYMENT. Many positions. Work month 
5-1003. month. Call (805) 682-7555 EXT. 

1003 


HYDRAULIC JACK REPAIR MANUAL 
and catalog $10.00. Hydraulic Parts Sup- 
ply, Box 4157, Brownsville, TX 78523-4157. 


LEARN VCA erano m 
Profits! Secrets Revealed! N 
Necessary. Free Details. VIEJO PUBLI- 
CATION, 217 E. 86 5t., Suite 272, PS11, 
New York, NY 10028. 


Repair. Huge 


Ez- | + 


xperience | 


- BODY BUILDING 
MUSCLE MIX 


an help you 

|| » add Inches to your 

i chest and arms 

" * increase strength 
* build muscle mass 

lin just days! 


l sona tor FREE info! 
l DASHeP O Box 2888 © pet P5118 
Tusc .AL 35403 1-800-367-9599 

LR E P EI JI JP Jg d» Jd i |J ]| | 


BETTER HEALTH 


HEART ATTACK | 


FREE REPORT. | survived heart attack Quit 
doctors. Used 90+ day painless technique. Cancel- 


led surgery—Tossed out pills—Ended discomfort 


| Feel & look younger. Regained health. Laugh at 


doctors & pills. | am a new man. Helping others. 
Free proof--SEND NO MONEY--only name and 
address! Survival- 20 Box 3256, Austin, Texas 


ADAM & EVE DIET PLAN: NATURES WAY. 
PARADISE FOR TWO only $8.95 to: GAR- 
DEM OF EDEN, Box 720, Galveston, TX 
T1553. 


LEARN which VITAMINS and MINERALS 
can hele yon feel better. Send $2.00 to: Feel 
Better, PO. Box 246P Colfax, IN 46035. 


STOP ATHLETE'S FOOT, JOCK-ITCH! 
Tried everything on market, still have prob- 
lems? Product in home will at last, p 
amazing, inexpensive relief you want. 
isfaction Guaranteed. Send $10, TERMI- 
MATE, 1706G Southeast 18th, Benton ville, 
AR 72712. 


| Computerized health appraisals used in over 1100 health | 
institutions are now available to you. 

Send $9.99 now for our Health & Fitness Packet. This 
packet includes the following: Questionnaires for each 
of the studies we perform, a description of each report, 
our nutritional leaming guides, along with our price list 
for your computerized reports. 

Lifeline Profiles Inc. 
P.O. Box 536 
Lindenhurst, N.Y. 11757 


phone: 516-587-2221 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800/323-1212 Toll Free. 


Ky HEARING AIDS 

= PRICE CATALOG FREE: 
i SUPER SAVINGS! Newest. Finest. All 
i s. Buy D PEEL & save up to HALF! 


salesmen. Sold by AIR MAIL on HOME 
l| TRIAL. FREE "Catalog. Write: 


| MONEYSAVERS, 


Dept.PS11 
ll Sepulveda, Cal. 91 


VIDEO 


Multi- Channel Microwave 
.V. Receivers 


- 19276Hz Parabolic Dish ART 
LIFETIME WARRANTY 
M Complete System $99.95 (Shipping incl.) 


n lacement Components 
xpert Repairs Available 


ELECTRONICS Cal 
stage yos 
MIX. AZ B5067 (602) 230-0640 
$2 CREDIT ON PHONE ORDERS 


9530 Langdon Ave.. 
343 


| —— | 


VIDEO, Electronic Kits Catalog More. 
Video Vibes, 670 Central Park Avenue, 
Yonkers, NY 10704, (914) 476-4864. 


WIRELESS VIDEO TRANSMITTERS, 
details send $1.00, Daniel Glen Marketing, 


| Dept. 202, 3619-112A St., Edmonton, Al- 


berta, Canada T6J 149. 


SPEEDING TICKETS PAID with our 
radar detector. FREE Wholesale Brochure 
$1 (P&H). Westcoast, 121 Kadora, NB, Or- 


RENTAL MOVIE 
STABILIZER 


e Ends flashing, colorshift, streaking, 
 cOpyg) yguarded 
captions e e Ful 


blackout jitter etc. when 
rental videos e Restores c back 
automatic e Made in USA e 30 da er ba 
guarantee e $39.95+ "3.95 s/h e 

orders only 1-800-422-9010 see 
AM Video, Dept. PS9. 400 Amherst, Nashua NH 0306 


RENTAL MOVIE STABILIZER. Connect 
between VCRs or to monitor. $59.95 1-800- 
338-8751. 


FREE CATALOG-VIDEO/CATV PROD- 
UCTS-VIDEO MAHT-3938 E. Grant, 
#241-A, Tucson, Arizona 85712. 602- 
721-6557. 


THE PERFECT VIDEO CHAIR! 


For playing games 
kids love it! 
Steel frame, heavy 


fabric cover, foam 

seat, stackable 
= Works for adults 
SASE to: WESTERN GIFT & SPECIALTY 
PO Box 3562 WALNUT CREEK, CA 94598 


SATELLITE TV 


Satellite-TV AA 


talog | 


Plus upgrades for present owners: 
Receivers, IRD's, movers, LNAs, 
LNB's. Feeds. 6' to 16 dishes & 
Ku equipment 

Names Like — 

.. Chaparral, Uniden, Drake, 
:.J Houston, Channel Master, etc. 

B00-334-6455 


T , ® 
Hh. sion 
i, =~ 


FERGUS FALLS, MN 56537 


en OR UPDATE YOURSELF! 


Save 30%-60% 
NS Systems 


DISCOUNT Satellite TV, Scanners, CB, 
Marine Radios. Price List $2.00. CAP, P.O. 
Box 4233, Frankfort, KY 40604. 


DECODER: Build your own independent 
Videocipher II decoder and receive free Sat- 
ellite TV pictures. Simple instructions. 
Radio Shack parts list and circuit board, 
only $49.00 (U.S.) Send cheque or MO pay- 
able to: C.A. Comeau, Box 1327, Halifax 
North, N.S. Canada, B3K 5H4. 


GENERAL Instrument Satellite Decod- 


| ers Below Dealer Cost. 1-704-682-9536. 


FREE Catalog 36 P 


Major Brands. 
Nobody undersells 


es. 
WEST-Since 1977. 


(800) 222-9064. 


VIDEOCYPHER SATELLITE DE- 


| SCRAMBLER SCHEMATICS (Complete 


Set) Audio & Video Parts list-much more! 
$14.95. The Stage Door Video, FO. Box 576, 
Burnsville, NC 28714. 


“SCRAMBLE FACTS" Call 718-343- 
0130 to hear a 3 minute weekly program 
on the latest developments in the satellite 
industry. 


CABLE EQUIPMENT 


CABLE TV CONVERTERS 
Why Pay a High Monthly Fee? 


Jerrold, Oak, Hamlin, Scientific Atlanta, Zenith. and more! 
60 day warranty. Shipment within 24 hrs. For fast serw- 


ice MC/VISA C.0.D. Telephone orders accepted. Eve- 
ning hrs. also. (312) 698-1259. Stamped Envelope ( 506) 
| postage for FREE catalog. Mo. Ill. orders 
L & L ELECTRONICS 
1430 Miner St., Suite 522 
Des Plaines, Tl. 60016 


CABLE TV Converters, Remotes, Filters 
for Beeping Any Channel 1-313-979-8356. 


CABLE TV CONVERTERS Scientific At- 
lanta, Jerrold, Oak, Zenith, Hamlin. Many 
others. "NEW" VIDEO HOPPER “The 
Copy Killer". Visa, M/C & AMEX 
+800-826-7623. B&B Inc., 10517 Upton 
Circle, Bloomington, MN 55431. 


BiG ‘Guys BEATEN by 10% +!" CABLE- 


| MAN, 2162 Leghorn, Mountain View, CA 
| 94043. 


CABLE TV CONVERTERS We sell only the 
best low prices, we ship COD. $2.00 for cat- 
alog Ace Products, P.O. Box 582, Dept. S, 


| Saco, ME 04072, (207) 967-0726. 


CABLE TV DESCRAMBLERS being sol 
by the thousands and most people "at ut 
aware that its use can be detected 

$2.00 for an article on cable usan xi 
get a free Cable TV catalog containing ur 
usually revealing items. Snooping, PO Bo 
800, Mansfield, MA 02048. 


CABLE TV SPYING: Send $2.00 for an ir 
formative article and get a free Cable T 
catalog containing unusually revealin 
TM pying, PO BOX 800, Mansfield, M. 
02048. 


CABLE DECODERS! Build your owt 
All methods, Schematics, plans, instruc 
tions. $8.95, Cabletronics, Box 3050: 
Bethesda, MD 28014. 


CABLE-TV BOXES 
Descrambler - Converters 
FREE CATALOG 


TRANS-WORLD CABLE CO. 
12062 Southwest 117th Ct., Suite 126 
Miami, Florida 33186 
800-442-9333 


MAGIC TRICK, PUZZLES 


| WONDER * RINGS 


Based on an ancient Chinese ring puzzle 
Challenging as well as decorative. Superb 
crafted in oak and nickel plated steel. / 
great Holiday gift. Send $12.50 + $1.5 
S&H to: WONDER'RINGS, PO BOX 552 
DAYTON, NJ 08810-0552. Allow 6 to | 
weeks delivery. 

PROFESSIONAL MAGIC! Huge Cat: 
log, over 1,000 Tricks and Books. $4.5 


Hank Lee's Magic Factory, Dept. PS 11, 12 
Lincoln Street, Boston, MA 02111. 


FUN/MAGIC Catalog $1.00. Huge Seles 
tion! ABRACADABRA-C-458, Midelsex, N 
08846-0714. 


TREASURE FINDERS/ 
METAL DETECTORS 


Pay For Your Hobby! 


With White's New EAGLE Metal Detector. 
Programmable Computer Driven to locate oni 
valuable items! Fun and profitable! Models 
from $99.95! 


WHITE'S ELECTRONIC 
. PB-7 Sweet Home, OH 9736 


TREASURE Finder Locates Burie 
Gold, Silver, Coins, Treasures. Free Cats 


log, Relco, RC10, Box 920839, Houston, T: 
11292. 


FIND Old Coins, Jewelry, Gold Nugget: 
New Patented Revolutionary Device. Fre 
Catalog. Gardiner Electronics, 3131L I 
35th Ave., Suite K, Phoenix, AZ 85017. 


WEATHER FORECASTING 
WEATHER INSTRUMENTS. Precisio 
digital displays, computer systems, telev 
sion display. WeatherTrac, P.O. Box 12: 
Cedar Falls, Iowa 50613. 
HYPNOTISM 


FREE Hypnotism. Sleep Learning Publ 
cation DLP, Box 487, Anaheim. CA 9281: 


FREE Fontem, Self-Hypnosis, Slee 
doso, NM 88 flee ta Drawer PS400, Ru 
oso 


FREE Hypnotism, Speed Learning Ca 
alog. Exclusive Distributor, Box 215, 253 
Peterson, Chicago, IL 60659. 


NOVEMBER 1988 . 14 


|^ (402)554-0686 


BOOKS & MAGAZINES 


WOULD YOU LIKE TO GET MORE OUT OF YOUR SHOP?| 


Then check these reasons to read every issue of Home Shop 


Machinist 


Projects that are challenging to make, satisfying 


to complete, and great to show off. “ A forum for sharing 
problems and ideas with the savviest metalworkers in the world. 
v/ Practical new techniques explained by professional specialists. 
v^ Candid reviews of new machine tools, written by experts who 


| try the tools out in their own shops. W” Sources of supplies 
-including bargains and hard-to-find items. w^ Precision tools 
you can make yourself, at a fraction of the usual cost. 
v/ Time, work, and money saving ideas from small-shop experts. 


AC HOME SHOP 


ainist 


YOUR KIDS are ei my book, “THE 
SECRETS OF ATTRACTION." Care to 
know what they're learning? l've saved a 
copy for you. Send $7 to Grant Communi- 
cations, Dept. P311, PO. Box 741163, Dal- 
las, TX 75374-1163. 


PUBLISH Your Book! Join our success- 
ful authors. All subjects invited. Publicity, 
advertising, beautiful books. Send for fact- 
filled booklet and free manuscript report. 
Carlton Press, Dept. PSK, 11 West 32 
Street, New York 10001. 


“PHOTOGRAPHIC OPPORTUNITIES" 
—Spare-time Booklet $1.00. Photos, 58P 
Madsen, Beaconsfield, Que H9W ATT. 


New “Books for Busy People.” ™ 
POWER WRITING. Do better in career and 
business, Improve your writing in four easy 
steps. Award-winning author helps you 
write better letters, memos, and reports. 

> YOUR COMPUTER HAPPY. Easy 
maintenance program for office and per- 
sonal computers. Prevent most common 
dangers. Non-technical. 

Send $5.00 for each book to: Mischa Press, 
P.O. Box 9558-53, Washington, DC, 20016- 
1558. Please name desired bookis). 


UNIQUE BOOKS. Learn HOW to do al- 
most anything! FREE catalog, Cardif-P, 908 
Niagara Falls Blvd. North Tonawanda, N Y 
14120-2060. 


ELECTRONIC STEREO ETC. 


| JERROLD-SB-3... 

NE | OAK-M35-B WAS $99.00 
Meee | HAMLIN MLD-1200 $99.00 | 
ES [SCIENTIFIC ATLANTA $149.00 | 


$100.0 


m NEW STARGATE 2000 CORDLESS 
CABLE CONVERTER $99.00 


THE BEST BUYS & WARRANTIES 
| FOR DECODERS & CONVERTERS 
START WITH A FREE CATALOG 


FROM: 
M.D. ELECTRONICS 
115 NEW YORK MALL 
OMAHA, NEB. 68114 


ORDERS & CATALOGS CALL TOLL FREE: 


1-800-624-1150 


FOR INFORMATION & TECH SUPPORT 
C.O D. 


LASERS, From $59.95 Write: MWK In- 
dustries, 9852 Katella 3340PS, Anaheim, 
CA 92804. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
Catalog for instrument makers, repairers. 
Imported tonewood, tools, varnishes, parts, 
accessories, strings, cases. European 
instruments. Bows. Assemble yourself vio 
lin and guitar kits. Catalog $1.00 includes 
10% discount certificate. Dept. ML, 4026 W. 
Belvedere Ave., Baltimore, MD 21215. 
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Subscribe today! $19 a year. Visa or MasterCard 
orders call toll free 1-800-447-7167, jin Mich. 
1-800-632-0966) or write to: P.O. Box 1810-A3, 
Traverse City, MI 49685. 


FOR INVENTORS 


PATENT IT ECONOMICALLY! Free de- 
tails. Licensed since 1958. Rainer Associ- 
ates, 2008 Fondulac, Richmond, VA 23229. 


INVENTORS! Can you patent and profit 
from your idea? Call or write for your free 
information package. Over a decade of serv- 
ice. AMERICAN INVENTORS CORPORA- 
TION, 82 Broad Street, Dept. PS, Westfield, 
Massachusetts, 01086. 1-800-338-5656. In 
Massachusetts or Canada call (413) 568- 
3753. 


PATENT AND DEVELOP Your Invention. 
Registered Patent Agent and Licensed Pro- 
fessional Engineer. Send for FREE PATENT 
INFORMATION Every Inventor Should 
Have. Richard L. Miller, 12 Parkside Drive, 
Suite-N, Dix Hills, NY 11746, (516) 
499-4343. 


INVENTION RESOURCES. Box 99141, 
San Francisco 94109, R&D, Manufacturing, 
Marketing, Finance. 


SAVE 40% TO 60% ON PATENT AND 
TRADEMARK APPLICATION COSTS. 
Chemical, Mechanical, Electrical. Regis- 
tered patent attorneys and agents. 
dorsed by IWI. PatentSaver Prepaid 
Patent Pian, Dept. 103, 7009 Owensmouth 
Ave., Canoga Park, CA 91303, (818) 
999-2481. 


FREE help for inventors! No charge for 
recording forms and evaluation. Affiliated 
Inventors Foundations, 2132-1 Bijou, Colo- 
rado Springs, CO 80909, or Toll Free 1-800- 
2250-5885. 


PATENT IT YOURSELF! Is your idea 
worth $27? S.B. Book, 648 San Mateo Ave., 
San Bruno, CA 94066. 


INVENTORS: INVENTIONS MAR- 
KETED & Developed for U.S. Patenting by 


| Former US PATENT OFFICE EXAMINER, 


Professional Patent Engineer FREE 
INVENTION CERTIFICATES. Marketing 


| Representative, Suite 3815PS Woolworth 


Building, New York, NY 10007. 


INVENTOR BEWARE— Most PATENTS 
Are WORTHLESS — Will Send You Five 
Different Copies Of MY U.S. AND FOR- 
EIGN PATENTS Showing You How I LOST 
A FORTUNE Dont Be VICTIM Of The 
PATENT SYSTEM Know The TRUTH Send 
$10.00. INVENTOR Glen Cornell Hetrick, 
2045 Parkway Dr., Altoona, PA 16602. 


INVENTORS! Idea search being conducted 
by DC based firm. Call APSI, 1-800- 
B88. 6088 ext. 238. 


QUIT wasting money. Learn Invention De- 
velopment Procedure. Charitable School. 
1-314-435-9290. 


FREE information on offering your in- 
vention for sale. Kessler Sales Corporation, 
C-7-FI, Fremont, Ohio 43420. 


BUDGET Patent Research— WHOLE- 
SALE Prices for Multiple Patent Searches. 
1-800-432-5683, 


U.S. PATENTS $70- 
Attorney provides information, forms $2.00. 
TECH CO-OP, 1400 Coleman, Santa Clara, 
CA 95050. 


IDEAS, Inventions, Needed. Patents, Li- 
censing. Free Package, Call Now 1-800- 
214-0629. 


INVENTIONS WANTED 


INVENTORS! Confused? Need help? 
Call AIM for free information kit. In US. 
and Canada. Toll free: 1-800-225-5800. 


Presentation to industry and exhibition at 
national innovation exposition. Call free 1- 
800-288-IDEA. Or write: 
INVENTION SUBMISSION CORP-PS 
903 Liberty Avenue 
Pitisburgh, PA 15222 


NEW IDEA? Innovation Center in Wash- 
ington, D.C. will assist you through 
RESEARCH and DEVELOPMENT! Free 
Kit—1-800-628-2828. 


INVENTIONS Developed Marketed. 
Free Invention Certificates. MANUFAC- 
TURERS REPRESENTATIVE, Suite 3615- 
PS, Woolworth Building, New York, NY 
100077. 


NEEDING Assistance? PATENT- 
VESTMENT INTERNATIONAL, 1155 Con- 
necticut #300 Washington, DC 20036- 
4306. 


LEARN how to offer your invention for 
sale or license. Free booklet outlines pro- 
cedures, royalty rates, requirements. Kes- 
sler Sales Corporation, C-7-IW, Fremont, 
Ohio 43420. 


EDUCATION & INSTRUCTION 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, 
DOCTORATES. ACCREDITED, INEXPEN- 
SIVE, FAST. FREE INFORMATION. DR. 
JOHN BEAR, P.O. BOX 1447-PSC, MA- 
RINA DEL REY, CA 90295. 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermem- 
ory; control stress. Free—book excerpt & 
catalog. Superlearning, 450-P511 Seventh 
Avenue, N. Y.C. 10123. 


WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. Since 1933. Term Soon. 
Free Catalog COL. Gordon E. Taylor, Box 
949, Dept. 3 Mason City, IA 50401. 515/ 
423-5242. 


PARALEGAL GRADED CURRICULUM. 
Approved in-depth training by correspon- 
dence. BLACKSTONE SCHOOL OF LAW: 
100 years of legal training. Write for free 
catalog. P.O. Box 790906, Dept. PS, Dal- 
las, TX 75379. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone free 
1-500-228-5600, or write: American School, 
Dept. $347,850 E. 58th St., Chicago, IL 
606371. 


NEON ART & TUBE BENDING 
SCHOOL-Popularity of neon is exploding. 
Learn this specialized skill. Employment 
opportunities abound. FREE COLOR 
BROCHURE. 3130-B S. E. Hawthorne, Port- 
land, OR 97214 503/239-5309, 


FREE 1988 CAREER GUIDE. Earn more 
money with Success Proven Correspondence 
Diploma Courses, Granton Institute, 263B 
Adelaide Street West, Toronto Canada. 


HANDLE YOUR OWN LEGAL AFFAIRS. 
Be a Paralegal, Accredited Attorney In- 
struction. Home Study. FREE CATALOG. 
Southern Career Institute, Drawer 11 8PS- 
2158, Boca Raton, FL 33427. (305) 368-2522. 


VILLARREAL NATIONAL UNIVERSITY. 
Fully accredited state university, 45,000 
students on campus. Offering non-residen- 
tial Master's and Doctorate degrees. In- 
quire: International Program c/o Interna- 
tional Educational Consultants, 4521 


| Campus Dr., Suite 444Q, Irvine, CA 92715. 
COLLEGIATE research catalog. 306 | 


pages—10,278 papers available. Rush 
$2.00. Research, 11322 Idaho, €206K T. Los 
Angeles 90025. (213) 477-8226. 


SUPER-INTELLIGENCE! Amazing re- 
sults guaranteed! EDEPS, Box 1462, Glen- 
dora, CA 91740. 


CONDENSED Home Study Courses. TU 
New Skills Fast! 50 Choices! Diploma! 
CIEE-20, Box 20345, Jackson, MS 39209 


FREE COLLEGE TAPE External Degrees 
Bus./Pub. Admin. LAW (Qualify Bar) Ac- 
credited, Fin. Aid 1-800-759-0005. LA 
SALLE UNIVERSITY, ST. LOUIS, Mis- 
souri 63146. 


BECOME A Professional Real Esta 
Appraiser or Property Manager. 1-80 
223- 4542. 


| FREE National Sales Newsletter for Pr 


fessional pj age First issue fre 
Write to SALES TA , RO. Box 247 
Saratoga, CA 95070. 


UNIVERSITY DEGREES  Witho 
Classes! Accredited Bachelors. Master 
Doctorates. Free Revealing Facts! Thorso 
PS11, Box 470886, Tulsa, OK 74147. 


YOU CAN GO TO LAW SCHOOL! Practi 
ing atty provides step-by-step guide. $14.: 
to Pip's Benefactor, 1025 Jefferson St., Der 
122, Santa Clara, CA 35050. 


FULLY APPROVED UNIVERSITY Di 
GREES. Economical home study for Bac 
elor's, Master's, Ph.D., tully approved | 
California State Department of Educatio 
Prestigious PEN counsels for indepe 
dent study life experience credi 
(5000 enroll led students, 400 faculty). Fre 
information— Richard Crews, M.D. (He 
vard), President, Columbia Pacific Unive 
sity, Department 2R5N, 1415 Third Stree 
San Rafael, CA 94901. Toll free: (80 
227-0119; California: (800) 552-5522; 
(415) 459-1650. 


PATCHES DECALS & BADGES 


GUARANTEED Lowest Emblem Price 
Pins. Decals. Free Catalog/Quotes. Stad: 
61R Jane, NY 10014. (212) 929-2293. 


AIR CONDITIONING 


FREE | Brochures. Repair air conditio 
ing, Refrigeration, Gas Heating, full i 
structions. Doolco, Ine., 11252 Goodnigl 
Dallas, TX 15229. 

MONEY MAKING OPP. 

BUMPERSTICKER Printer. Chea 


Simple, Portable. Free Details. Bumps 
POB 22791 (LLD), Tampa, FL 33622. | 


EARN Money. Companies Need Hom 
workers. No Experience. Call Lisa 1-8] 
545-8421. 


IRS FORECLOSURES being sold f 
back taxes. Also repossessed VÀ & HU 
homes from $1, you repair. No credit heo 
Unbelievable opportunities. CALL (8 
682-7555 Ext. H-1043 for repo list y 


area. 


WEALTH! RICHES! Operate your 
home business. UNLIMITED 

Exciting book reveals Step-by-Step meth 
$20.00. M. Nickels, Rt. 1, Box 30, Fairmo 
NE 68354. 


LEARN How To Make $50,000. Se 
Money Order For $39.95 Plus $2.50 5. 
To: Make Money, P.O. Box 7103, Dept. 
Portsmouth, VA 23707. Guaranteed. 


$4000 PER WEEK LISTENING 1 


| PEOPLE'S SECRETS!! LEGAL! Deta 
$2.00/Refundable Write: Triacom, Roc 


A-17, Box 5, Brunswick, oH 44212. 


MAKING EXTRA MONEY MADE 
FREE Subscription to Opportunity Ma 
zine offers hundreds of proven ways. Wri 
Opportunity, Dept. 043, 6 N. Michigan, C 
cago, IL 60602. 


STAMP COLLECTING 


PENNY Stamp Approvals. Regardld 
| Catalog. C. Kloster, 4164 52nd St. S 


Diego, CA 92105. 


FREE! Surprise Collection With Appr 
als. Jay, Box 750128, Petaluma, CA 949 
50 DIFFERENT Old U.S. Between 1 
and 1939 $1.00. Rousch, Box 3734, Ma 
field, OH 44907. . 


FREE US coil pair with approvals. C 
son, RT2 Box 112P, Annandale, MN 5 


UNITED NATIONS 3 Complete Mint 
25e, Approvals. Cornetta, POB 1509-P 
Placid, FL 33852. 


1000 MIXED U.S. $3.00 Approvals. s 

bums, Accessories, Supplies irley P. 

Sene Dept 102, Box 29307, Dallas, 
dag. 


FREE PRICE LIST. FMCN, INC., 
FAIRVIEW, RIDGEFIELD, NJ 07657. 


1,023 WORLDWIDE POSTAGE 
STAMPS—ONLY $3.00! 
All Different! All Genuine! Value-pack- 
ed collection to introduce you to our 
| offers, collector's catalog, and 
approval service. Other exciting 
stamps included. Buy any or none, 
return balance. 
WILTON STAMP CO., Dept. PS AK 
P.O.B. 850, WILTON, NH 03086 


FREE! Big Catalog - New edition listing 
iousands of bargains on Worldwide 
ampe, ackets, albums, and accessories. 
REE when requesting stamps on approval. 
uy what you like. Return balance. James- 
wn Stamp Company, Dept E108PS, 
imestown, NY 14701. 


50 YEARS OLD FIFTEEN DIFFERENT 
nited States, over fifty years old-25¢ with 
yprovals. Jaxon, Box Cli- H, New Rochelle, 
ew York 10804. 


FREE Worldwide Packet. Penny Approv- 
s. Froehlich, Box 177DB, Pine River, WI 
1965. 


APPROVALS —580*c Discounts! Country 
jyllections. Garnes, 716-S Sixteenth, Mat- 
on, IL 61938. 


LIQUIDATING Tremendous Old Accumu- 
tion. Bargain List Free. Alatalo, May- 
ird, MA 01754. 


i COIN & CURRENCY 


BRILLIANT uncirculated United States 
ber dollars! (1878-1904) selling two for 
'0.00 selling four $140.00! Satisfaction 
iaranteed! Free silver dollar catalog. Ad- 
son Thompson, Box 1085, Black Moun- 
in, NC 28 28711. 


SILVER BULLION COINS, one ounce, 
1.9% pure silver, $15, limited quantity. 
lectronics Diversified, Inc., Box 15121, 
10enix, Arizona 85060. 


| LOANS BY MAIL 


IMMEDIATE Loans to deserving individ- 
ils refused elsewhere. any pinna in- 
uded. Try us! Associates, Box 98-P3, 
rooklyn, NY 11235. 


BORROW $40,000 “overnight.” Any pur- 
ise! Free Report. Success Research, Box 
739-F Y, Indianapolis, IN 46219. 


mopoon line credit without investiga- 
n! Private Swiss bank account! Other 
ancial benefits! Free valuable report! 


CC PS-11, Box 5399, Torrance, CA 
503. 


NEED EXTRA CASH? WE'LL CASH 
SUR POST-DATED CHECK UP TO 
00.00 +-600-445-0680 


FREE MONEY! $300,000,000 GIVE- 
WAY. Grants. Never repay. Details $1.00. 
kla, Box 3066-PS118, Seminole, FL 
642. 


)————————————— 
BORROW any amount! Get Visa/ 
asterCard! Instant reply! Sunrise, 
x 42P, Bethpage, N 11714- 0042/ 
16) 349-1649. 


BORROW $500-$40,000! "Over- 
ght" On Signature. Keep indefinitely! Ac- 
m Box 5499-Y, Diamond Bar, CA 91765. 
ARAB BUSINESSMEN have money to 


ty/invest. Top finder's fees paid. IMEA, 
8/PSI, Box 3574, Newport Beach, CA 


(663 (714) 722-9260. 

MASTERCARD! Regardless of 
redit Experience! Pp Toll-Free, 24 
urs: 1-800-227-8472, Extension 26. 
BORROW $500 - $40,000! “On Signa- 
re!” Any Purpose! 97% Eligible! Free Ap- 
ication: National, Box 3789-K, Downey, 
A 90242. 


VISA-MASTERCARD “Regardless of 
ist credit problems... even bankruptcy!" 
ore redit Dept. 323, Ozark, AL 
361. Apply Toll Free 1-BOO-442-VISA 
72) 


BORROW $500—$100,000 bad credit 
| problem. Free application. Box 36P8, 
rassy Creek, NC 28631. 


Eius. a nari rino ver ani i M qc 
BORROW $500-$100,000 No one re- 
sed! Free application. 750 Johnson Hol- 
w, Jefferson, NC 28640. 


CASH Loans. Free Details. SCD, Box 
32-P, San Jose, CA 95150, (408) 258-1735. 


$500- $75,000 LOANS AVAILABLE! 
ny purpose: No Collateral. Free applica- 
m. MJS Industry, Box 531, Bronx, NY 
461. 


| Teeth, Rin 


RUPTCY OK, REAL MONEY NOT INFOR- 
MATION. FISHER CORPORATION, 630 


92667. 
OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
s, Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Free gift 
with Information. Chicago Gold & - 
cious Metals, 10 S. Wabash, Dept. 357, Chi- 
cago, 60603. 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 60602. 


SPORTING GOODS 


WORLDS largest selection of blackpow- 
der guns and accessories. Send $3.00 for 
illustrated catalog featuring 7000 items. 
Dixie Gun Works, Dept. 14, Union City, TN 


| 38261. 


TRY SOMETHING OLD: Ice age weap- 
ons: Spear, Throwers, Target Spears, Tate 
Enterprises, Box 110755, Aurora, CO 
80011. 


GIFTS 


PERSONALIZED Oroanic Molecular 
Models. Special Gift Idea. Information Send 
$2.00. NovaKrell Assoc., 251 So. 6th Ave., 
Manville, NJ 08835. 

SOLVE Family Gift Problems, Ideal Year 
"Round, Affordable, Satisfaction Guaran- 
teed, Free Color Catalog: Ravenwood Gifts, 
18070C NW Cornell Rd., Beaverton, Ore- 
gon 97006 


ELECTRIC SCISTORS 


EG NEW! 
* "AA" SIZE, 1,5V BATTERY 


eer" ONLY $7.00 


YOUR POCKET 
- REPLACEABLE HIGH e: | 
QUALITY STAINLESS STEEL BLADE—SIX COLORS 


Easy to use with fabric or hard material. —— ! 
Write for FREE catalogue - 500 unique gifts 
FOCUS PRODUCTS P 0. BOX 606 WOODSIDE, N.Y. 11377 


TOYS & GAMES 


NEW STRATEGY GAME, 32.00: Oxford 
House, 67 No. Bridge St., Holyoke, MA 
01040. 


INTRODUCTORY OFFER Unique New 
Game, Great Gift $8.00. T. B.I., PO. Box 490, 
Middletown, NY 10940. 


FIND THAT WORD .COMPUTERIZED 
Word Search Game. NEW! EXCITING! 


MIND CHALLENGING! 12 issues (maga- | 


zine on diskettes- IBM-PC/Commodore- 
514"/314") + FREE program—onty $48.00! 
Subscribe NOWI Save $50.00! Check 
to Advanced Solutions, Dept. 1619, 500 
Ocean Ave., E. Rockaway, NY 11518. MC 
‘Visa call (516) 599- 6600. GREAT HOLIDAY 
GIFT... 


SONGWRITERS 
POEMS-SONGS WANTED. Free Pub- 


FETE A wi Broadway Music, Box 
7438 Sarasota, FL 33578. 


JOKES & NOVELTIES 
PRANKS/MAGICI Catalog 254. 


Gar- 


ner's, 1755P Rio Vista, Salem, OR 97302. 


PERSONAL 


COLLEGE DEGREES, Hi h School 
Diplomas. Authentic looking. Free Cata- 


log. National Certificate, Dept. P5129, 210 | 


5th Avenue, New York, 10010 (718) 768- 
6803 Ext. 100 (24 Hours). 


UNIVERSITY diplomas, awards. Degrees 


CUSTOMIZED & GUARANTEED. Ather- 
ton Assoc., PO. Box 1043, Orland Pk., 
IL 60462. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 


Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 


INCORPORATE without Legal Fees! 


Free Booklet Tells How—Includes Forms 
—Call Now: (800) 345-CORP. 


CONFUSED by funeral costs, intimi- 


dated by mortuaries? Everything needed 
to plan ahead, negotiate expenses ($8.95). 
Memorial Planning, Box 2921, Kalispell, 
MT 59903-2921. 


OF INTEREST TO ALL 


GIFTS GALORE. Save time, hassle and 
stress with this free picture booklet. Over 
200 select gifts. Many personalized at no 
extra cost. Write: Liteway, 4870 Ferndale, 
Sheffield Lake, OH 44054. 


MESSIAH PROMISED LIFE TO THE 
OVERCOMER. Send for your free copy 
of "The Psychology of Purity & Chas- 
tity” to: Schizophrenics international, 
FO. Box 50458, Ft. Worth, TX 78105 


WINNINGEST Numbers, combinations, 
proven beat odds. Bingos, Horse, dogs, har- 
ness, lotteries, $5.00. POB 70636. Pasa- 
dena. CA 91107. 


MYSTICAL POWERS Fed up, had 
enough, change your life, deepen your per- 
ception. Gavin & Yvonne, Box 1393-PS, 
Newbern, NC 28560. 


SECRETS OF READING. Learn to Read 
Better...minutes per day for 30 Days!! 
Only $2.00 brings secrets/samples: Dr. N, 
Box 13034, La Jolla, CA 92037-0705. 


EMPLOYMENT INFORMATION 


GOVERNMENT JOBS $16,040 - 
$59,230/yr. Now Hiring. Your Area. Call 
ae Ext. R-20025 for current Fed- 
eral list. 


EASY Works! Excellent Pay! Assemble 
products at home. For info. Call-504-641- 
8003 Ext. A-8068. 


OVERSEAS... $25,000 - $75,000+. Free 
Report! Employment, Box 19760- FV, Indi- 
anapolis, IN 46219. 


$1,000 MONTHLY. Part Time. Must 
have answering machine. 1-416-482-3000 
X152A, Days/Evenings/Weekends. 


GOOD MONEY Weekly! Easy Works! 
Processing Mail! Information? Rush SASE 
to: NFBS, 774-A Pine, SF, CA 94108 


JOBS, Cruiseships, Tugs, Ships, River- 


boats, Oilrigs: Women-Men. Work month- 
Home month. USA + Overseas. Informa- 
tion $3.00 Marine Employment, Box 223, 
Central, IN 47110. 


GOV'T SURPLUS 


NARCOTICS RAID SEIZURES 
Autos...Vans...Boats...Airplanes. . Millions 
Surplus Bargains ... many 1% original cost! 
“Nationwide Sales Duirectory"—33.00. Dis- 
posal, Box 19107-FY, Washington, DC 


| 20036. 


BUYER'S Guide Government Surplus 
DOD. $3.00 plus $1.00 handling. FMH, 
809-PS11 Clearlake Road, Cocoa FL 32922. 


JEEPS $60, TYPEWRITERS $4, Boats, 
Cars at fraction of cost! Report tells about 
Gov't Surplus bargains. $3.00 Guaranteed! 
General Products, 2554 Lincoln Blvd., Suite 
428A, Marina del Rey, CA 90291. 


JEWELRY | 


MAILING LISTS 


NEW ACTIVE MAMES!! 
RANDOM STATES Available! IMMEDI- 
ATE SHIPMENT! Adhesive Labels— 
Guaranteed Opportunity Seekers 500/ 
$25; 1000/$40. Others. Advon, Drawer B6, 
Shelley, ID 83274. Visa/MC/AmEx. 1-800- 


992-3866. 


RESPONSIVE HOTLINE NAMES! 
Opportunity seekers/MLM computerized 

] and stick labels—Same day shipping. 

ixed States—200/$10; 500/$15; 1,000/ 
$20; 3,000/$35; 5,000/$55; 10,000/$100. 
Need More? National List, Dept. 333, 
Ozark, AL 36361-1105. Visa/MC/COD. Call 
toll free 1-BOO-B852-LIST (5478). 


Ex-Factory Worker Gets $242,456 
From A Product You Can Get FREE! 


Canton OH (special) 
Being rich and indepen- 
dent are dreams which 
excite most of us. It's no 
secret of course—the key | 
to financial success in 
America today—ts a busi- 
ness of vour own. | 

The only problem is |4 
the large investment usu- H 
ally required to start a É 
business. 

We recently learned of Murry 
Broach. a 48 year old ex-factory 
worker. Murry started a very suc- 
cessful business in his home, with 
practically NO INVESTMENT. 

.. The real beauty of his situation 
is his product. He gets it EREE! 

Murry spends a few pennies 


“converting ' the product to an in- 


demand item, then markets it by the 

thousands. "It's easy,” he says. 
“and anyone can do it." No per- 
sonal selling is involved. 

The lines in his face—the grey 
beard and hair, testify to over 
twenty years "at hard labor" in a 
paper mill. He became disabled in 


. 1983 and was forced to look for an 
easier way to make a living. After 
| discovering the FREE product, it 


was all "clear sailing." 


Murry showed us last year’s 


bank deposits of just over 
$242,456. He says he hasn't de- 
: dene Murry Broach: DMI à 


cided yet just where to 
stop increasing his in- 
come! He admits how- 
ever, at some point, he'd 
have to move the busi- 
ness off his dining room 
table. 

When asked, “what is 
the product you can get 
| FREE,” Broach answers 
| with a smile. "That." he 
says, "would be like telling you the 
ending of a movie before you've 
seen it!" 

He's quick to add— "it's nothing 
illegal or immoral. It's NOT food, 
water, religion, mind power or hard 
work. NOTHING to do with sex, - 
multi-level marketing, chain letter 
schemes, envelope stuffing, real 
estate, computers or precious met- 
als." 

“In fact," he tells you. "it's some- | 
thing [know YOU need right now! - 


- It is definitely in-demand. It's NOT 


a gimmick of any kind and practi- 
cally anvone will buy it!" | 

Want to learn how YOU could 
become successful and indepen- 
dent from a product you can get 
FREE? Murry has offered to send > 
complete details to readers of this 
column. 

Just print your name and address. 
on a piece of paper and send to 
"FREE" 708-12th Street N.W., 
SEEN M604. Canton. Ohio 44703. | 


ADVERTISEMENT EEULLLLIIIILILLILLLIUIIIUIIIL. OR 


Product information 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


1101 Radar Detection A Bel-Tronics bro- 
chure explains Ka Band photo-radar equip- 
ment. Some questions addressed: Is photo 
radar legal? Where is Ka Band radar being 
used? Is photo radar the only type of equip- 
ment that can be used with Ka Band? Free 


1102 Gate Operators A full-color brochure 
shows front-entry gates with electronic oper- 
ators and includes photos with installation in- 
structions for the Solarpac Model EMO solar- 
powered radio-controlled swing-gate operator 
manufactured by Bomar Corp. $1 


1103 Firearms, Etc. Browning offers two 
catalogs: One has information about the com- 
pany's line of firearms, accessories, gun safes, 
clothing, boots, and knives. The other covers 
Browning's archery equipment. Archery cata- 
log is free; firearms catalog: $2 


1104 High-Tech Newsletter Join profes- 
sors, engineers, and other professionals with 
the Casiolink, Casio's high-tech newsletter. 
The latest developments in electronic prod- 
ucts are discussed, and useful applications 
from newsletter readers are shared. $2 


1105 Personal-Computer Tips In its de- 
tailed color brochure, CompuServ tells how 
to obtain access to America's largest infor- 
mation service. Its vast data banks include 
reference material, news wires, financial and 
travel information, and lots more. Free 


1106 Dog Deterrent Learn how to repel 
dogs electronically with information on a new 
veterinarian-tested deterrent from Demko Re- 
sponse Group. Nontoxic and easier to use than 
chemical sprays, the unit emits ultrasonic 
bursts, uncomfortable but safe to dogs. Free 


1107 Fireplaces Colorful literature from 
Dovre showcases the new SunBurst wood- 
burning fireplace, a zero-clearance model with 
a full fire-viewing area. A double-heat con- 
vection chamber and solid cast-iron construc- 
tion delivers 60,000 Btu/h. Free 


1108 Hobbyist Catalog Edmund Scien- 
tific's 80-page catalog contains over 1,200 
products, including telescopes, magnets, 
weather instruments, high-tech toys, and ideas 
for science-fair projects. Free 


1109 Lap-Top Computer The Heath Co. 
introduces the first lap-top computer in its 
1988 Christmas catalog. Its 108 pages are 
filled with stereo components, amateur radio 
products, radio-controlled cars and planes, 
starter kits, and much more. Free 


1110 Contemporary Home Plans Home 
Planners 112-page catalog features refresh- 
ingly different, yet practical and economically 
planned, interiors and exteriors. The floor 
plans include sloped ceilings, indoor and out- 
door balconies, upper-level lounges, and glass 
areas that are adaptable to passive solar ori- 
entation. $3.95 


1111 Cedar Homes Spectacular custom 
cedar homes from Lindal Cedar Homes are 
featured in a new 200-page plan book with 
over 250 color photographs and 90 custom 
plans. $10 , 


1112 Wood Stoves LOPI International of- 
fers a complete line of non-catalytic, clean- 
air-approved wood stoves and fireplace inserts. 
Full-color brochures give details on LOPI's 
Savoy fireplace, Elan free-standing wood stove, 
and the Answer line. Free 


1113 Power Tools A mini-catalog of Ma- 
kita's cordless and corded power tools includes 
drills, screwdrivers, sanders, grinders, circu- 
lar saws, jigsaws, and more. Free 


1114 Wood Finishing A revised edition 
of Minwax's 30-page guide is complete with 
time-saving tips and easy how-to instructions. 
Minwax gives you details on beautifying and 
protecting new wood and on restoring tech- 
niques for old wood. Many projects are out- 
lined step by step, with over 50 photos and 
color charts to help you along. Free 


1115 Wood Stoves  Top-quality Osburn 
wood stoves and fireplace inserts are highly 
efficient and clean-air certified. This color bro- 
chure has information on the Victorianaire, 
Osburn's largest stove, designed to heat up 
to 2,500 square feet. Specification charts are 
included. Free 


1116 Fire Screens This full-color four- 
page brochure from Portland Willamette in- 
troduces the new Glassfyre Premier hand- 
crafted, custom-made glass-door fire screen. 
Top-quality solid-brass screens are individu- 
ally crafted for each fireplace. You can also 
choose from a variety of accessories. Free 


1117 Home Comfort — Tempstar offers a 
14-page informative guide to buying one of 
its energy-efficient furnaces, heat pumps, and 
central air conditioners. The full-color book- 
let explains how the various systems work, 
industry energy ratings, and how to maximize 
energy savings. Free 


1118  Custom-Made Cigars Information 
on more than 100 different types of cus- 
tom-made cigars and pipes manufactured by 
Thompson Cigar Co. in Tampa, Fla., is out- 
lined with photographs in a 48-page booklet. 
Accessories such as lighters, humidors, cigar 
cases, and pipe stands are featured. Free 


1119 Battery Safety A full-color brochure 
describes the True-Start safety booster cable 
with a “brain.” The brain protects electronic 
ignition systems when jump-starting your car 
by controlling electrical currents between bat- 
teries. It also provides safety while eliminat- 
ing explosions caused by cross polarity. Free 


1120 Radiator Maintenance Radiator 
Magic is a biodegradable additive available 
from Universal Solutions, which is designed 
to continuously eliminate rust, scale, and cor- 
rosion from automobile, truck, and motor- 
home radiators. The company claims the ad- 
ditive is nontoxic and nonflammable and is safe 
for metal, plastic, or rubber materials. Free 
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- POPULAR SCIENCE P.O. Box 5131, Pittsfield, Mass. 01203-5131 THIS COUPON EXPIRES JANUARY 31, 1989 - 
g Note: Popular Science Massachusetts address is for Product Information only. i 
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WITH Voya qim - 
ACDELCO AnD EMEN 
oni. 


— Chuck Yeager 


If you want to start something, you can depend on a Delco maintenance- 
free battery. And if you charge on over to your local retailer between 
October 16 and December 10, 1988 — you can even get money back! 
Buy a top-quality Delco Freedom or Dura Power 50, 60, 72 or Voyager battery 
and you can qualify for a $6.00 rebate. Choose a 40-series battery and get $2.00. 
Your AC-Delco retailer has rebate coupons and details. Call 1-800-AC-DELCO 
for the retailer nearest you. 
While you're there, ask about the manufacturer expressed limited nationwide 
warranty that applies to all Delco batteries. KE AC) | 
All requests must be received by January 16, 1989. So get started soon with w i Delco 
the battery of your choice from AC-Delco! Seica MESURE PIS RARE 


AC-DELCO. THEY DOITT JUST HT. THEY MATCH. 


© wee R.J. REYNOLDS TOBACCO CO. 


16 mg. "tar", 1.2 mg. nicotine av. per cigarette by FIC method. 
E 


I| SURGEON GENERAL'S WARNING: Smoking W P Wi in S t Ü Il 


Causes Lung Cancer, Heart Disease, 


Emphysema, And May Complicate Pregnancy. 


